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SOUNDING-BALLOON OBSERVATIONS MADE AT GROESBECK, TEX., DURING THE 
INTERNATIONAL MONTH, OCTOBER, 1927 


By L. T. Samvrts 
{Weather Bureau, Washington, D. C., 1929] 


Forty-four sounding balloons were released and 37 
(84 per cent) of the instruments were returned. Table 1 
is a general summary of the individual observations. 
In Figure 1 are shown the landing places and correspond- 
ing dates. Notwithstanding the predominance of easterly 
winds to considerable heights nearly all of the balloons 
landed to the east of Groesbeck. This was due of course 
to the stronger westerly winds which prevailed at the 

igher levels. (See figs. 4 and 5.) 

t will be noted that in the case of the highest observa- 
tion (27,671 meters) viz., 6:31 a. m., 15th, the instru- 
ment landed only 16 kilometers away as compared with a 
number of others which did not go so high but landed at 
considerably greater distances. The balloon released at 
4:03 p. m., 18th, landed only 6 kilometers from the sta- 
tion although it reached a height of more than 16 kilo- 
meters. In this case the horizontal distance traveled 
during the ascent alone must have exceeded 34 kilo- 
meters, in view of the wind velocity and time the balloon 
was in the air. The fact that the winds were successively 
NE., E., SE., S., SW., and W. brought the balloon almost 
back to its starting point. 

It is interesting to note the similarity of the landing 
places in certain consecutive flights, e. g., those of the 
13th, 14th, and 15th. 

The average free-lift used was 750 grams. Theballoons 
were made of cut sheet rubber, were 1 meter in diameter 
and inflated to about 1.5 meters. The Fergusson 
meteorograph was used.’ 

The weather conditions were exceptionally favorable 
for long theodolite observations and in practically every 
case the balloon was followed with two theodolites for a 
considerable time. In 6 cases this exceeded 100 minutes 
and in 26 cases it exceeded 60 minutes. In 29 cases, 
including some of those in which the instrument was not 
returned but followed with two theodolites, the balloon 
penetrated the stratosphere. 

The average height and temperature of the tropopause 
_ as determined from 22 observations are shown in Table 1 
and were 14,823 meters and —65.5° C., respectively. 

hese figures for Royal Center for the series made in 
May, 1926 ? were 12 kilometers and — 58.4° C., indicating 
as was to be expected, a greater height and lower tem- 
perature of the tropopause for the more southern station. 


18. P. Fergusson, New Aerological Apparatus, MONTHLY WEATHER REVIEW, June, 


1 International Acrological Soundings at Royal Center, Ind., May, 1926, MONTHLY 


Review, July, 1 
64746—29——1 


The highest observation was that of 6:31 a. m. of the 
15th when an altitude of 27,671 meters was reached. 

In Figure 2 is shown the mean temperature curve 
determined from 24 observations made on as many days 
during the month, practically all being made in the 
afternoon. It is interesting to compare with this curve, 
the one based on the morning kite observations made 
during the same month. It will be noted that the 
morning temperatures are lowest from the surface to 
3 kilometers but slightly higher than the afternoon 
temperatures from 4 to 5 kilometers. 

The altitude and temperature of the base of the 
stratosphere for the individual observations are indi- 
cated in this figure by dots with the corresponding dates. 
The extreme range was from 17,467 meters, —78.3° C. 
at 4:43 p. m. of the 9th to 11,695 meters, —55.6° C. at 
6:35 a. m. of the 17th, the temperature, it will be noted, 
varying inversely as the height of the tropopause. This 
inverse relationship is well shown in Figure 2. At 
Royal Center? the extreme range in the height of the 
tropopause was from 14.6 kilometers, —70.9° C. to 
8.9 kilometers, — 44.5° C., the extreme limits of which, 
as would be expected, were lower in height. The range 


in height of the tropopause, it will be noted, was prac- 


tically the same at both stations, viz., 5.7 kilometers, 
but the range in the temperature of the tropopause was 
several degrees greater at Royal Center. 

The greatest average lapse rate oceurred between 7 
and 8 kilometers. iS e fig. 2.) This was in identical 
agreement with the Royal Center observations.” 

Figure 3 shows the average relative humidity as 
determined from 12 observations on as many days, the 
reason for the smaller number as compared with those 
used for temperature in Figure 2, is that not all of the 
instruments were equipped with humidity elements and 
also not all of the humidity records were legible due to 
the number of rotations of the clock cylinder after the 
instrument had landed. Neither of these objectionable 
factors, however, are anticipated in the series planned 
for December, 1929. 

‘The mean humidity curve determined from 24 morn- 
ing kite observations has been included in this graph for 
comparison. Since the balloon data in this figure are 
based on only half the number of kite observations, 

eement of a very high order would not be expected. 
owever, with this difference considered, the general 


similarity is striking. A prominent feature of this graph 
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is the small variation in relative humidity above 10 
kilometers, especially in the stratosphere. 

In Figure 4 are shown the wind velocity curves for each 
day. This series of wind observations is probably the 
highest ever obtained at one station during a single month. 
A number of striking features are evident. Foremost of 
these is the consistent decrease of velocity in the strato- 
sphere. It will be noted that the decrease begins, in 
general, about 2 kilometers below the average height of 
the stratosphere. In the 11 observations extending to 
17 kilometers or higher the velocity dropped to less than 
10 m. p. s. at these upper levels. The highest velocities 
occur at about 12 or 13 kilometers. The maximum 
velocity recorded in the entire series was 42.5 m. p. s. at 
12 kilometers on the 9th. 

In Figure 5 are shown the wind direction curves for each 
day. Several features are strikingly apparent in this 
diagram, viz., the wide variation in direction at the sur- 
face and lower levels; the veering or backing to westerly 
at about 12 kilometers, i. e., the same height at which the 
velocity begins to decrease (see fig. 4); the consistent 
westerly direction between 12 and 17 kilometers and the 
shift to easterly above 18 kilometers, i. e., where the 
velocities have again reached a general minimum.’ 

In Figure 6 are shown the mean wind velocity and direc- 
tion curves based on the same observations as those shown 
in figures 4 and 5, i. e., not more than one on the same day 
and mostly in the afternoon. The mean velocities were 
determined independently of the directions and therefore 
pe should not be considered together for any particular 
evel. 

It will be noted that the average velocity reaches a 
maximum at 13 kilometers or about 2 kilometers below 
the average height of the tropopause. (See figs. 2 and 4.) 
Above 13 kilometers the average velocity decreases at 
oe the same rate at which it increases in the levels 

elow. 

The mean wind direction considered without regard to 
velocity (fig. 6), veers sharply between 1.5 and 2 kilometers 
from south-southeasterly to northwesterly. A large 
northerly component persists from 2.5 to 6 kilometers, 
above which the westerly component predominates to 
19 kilometers, where a further veering occurs and an 
easterly component becomes increasingly predominant. 

In Figure 7 are shown the individual temperature 
curves for the series. The temperatures (° C.) for the 
surface and maximum altitude are indicated in each case. 
Isotherms for 0° C., —25° C. and —50° C. have been 


- drawn and show the general character of the fluctuations 


in temperature at these general elevations. It will be 
noted that the — 50° C. line fluctuates more than the two 
lower lines which fact is in agreement with other sound- 
ing balloon series. The small fluctuation in the 0° C. line 
is striking. A comparison of Figure 7 with a similar 
chart drawn for the Royal Center observations * shows 
these three isotherms to be, in general, each about 1 kilo- 
meter higher at Groesbeck than at Royal Center. 

In Figure 8 are shown the free-air isotherms for the 
month. It will be noted that the stratosphere was 
relatively cold between the 9th and 14th and again on 
the 20th. Sea-level barometric pressure gradients were 
not pronounced at Groesbeck during the month and 
there was no apparent connection between the height 
of the tropopause and the sea-level pressure as is usually 
found in more northerly latitudes. Likewise, no definite 
relationship was found between the temperature of the 
stratosphere and the wind direction, there being very 
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little north or south component between 12 and 17 kilo- 
meters. (See fig. 5.) 

Table 2 contains the tabulated data for each obser- 
vation. 

For references regarding all previous sounding balloon 
observations made in the United States, see Table 7 of 
reference.” 


OALAHOMA 
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Figure 1.—Landing places (with dates) of sounding balloons released from Groesbeck, 
Tex., during October, 1927 


It is expected that these data will be published by the 
International Commission for the Exploration of the 
Upper Air, including those for the principal isobaric 
levels, the latter indicating geo-dynamic meters, inste 
of geometric heights; also tephigrams. 


' William R. Blair, The Planetary System of Convection, MONTHLY WEATHER 
Review, April, 1916, 


4 International Aerological Soundings at Royal Center, Ind., May, 1926, MONTHLY 
WEATHER REVIEW, July, 1927. 
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Figure 4.—Daily wind velocity curves (m. p. s.), Groesbeck, Tex., ee 
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TaBLe 1.—Summary of Observations 
Stratosphere Maxi- From Groesbeck— Theodolite obser- 
Time of height mum _ with— 
October, 1927 (uinetieth Height | memper-| Teached | temper- Meteorograph found place tree lift. 
of base above ature 
meridian) above ature mean | recorded Distance | Direction wine “ em 
sea level | | sea level lite. lites 
Kilo- 
°C. meters Grams | Minutes | Minutes 
10:10 —70.3 | La Rue, Tex- 97 | NE. 962 14 2 
5:09 —0.& | Gastonia, 117 | N. 300 8 5 
4:56 15.8 | Farrar, Tex-. 29 | SE. 262 42 0 
5:16 1 Rusk, Tex. ................ 135 | ENE 558 66 65 
5:22 —65.6 | Elkhart, Tex 74| ENE. 660 61 61 
4:48 —14.1 | Steward’s Mill, Tex.-_-.-_- 48 | NE. 457 77 72 
4:46 —12.2 | Neches, Tex---.- 97 | NE. 307 |. 32 32 
5:20 —33.2 | Jacksonville, Tex. -- 8 = 116 | ENE. 407 2 0 
5:06 1.5 | Easterly, Tex. od 48 | SSE. 320 0 0 
4:43 —78.3 | Lufkin, Tex.........- a | Se 166 | E. 730 90 83 
4:54 —76.7 Manning, Tex. sa eal 180 | ESE. 630 45 0 
4:26 —67.9 | Crockett, Tex... 113 | E. 662 108 108 
12:04 261.0 j....-. do. 109 | E. 937 15 15 
—66. 6 Jewett, 32 | E. 790 64 63 
—49. 4 Oletha, ex 21} E. 1, 187 103 102 
nt ied 27 | SE 580 97 89 
—68. 5 24 | SE. 997 17 15 
| Ter... 16 | SE. 1, 005 81 75 
29 | E. 1, 190 65 63 
—69. 4 E 780 71 69 
97| E 970 108 106 
—56.2 | Ben Hur, Tex onia Wwsw 802 44 
—62.9 | Kosse, ssw. 680 123 118 
19 | SE, 995 70 67 
—66.5 | Groesbeck, Tex..-......- E. 930 74 67 
29 | ESE. 720 70 62 
on 32 | NE 797 64 03 
—62. 4 Fairfield, 51 | NE 712 63 58 
—42.3 Corsicana, 71) N. 592 88 83 
43 | ESE. 735 108 163 
Sm Res Not returned___- 850 77 77 
Dickey, Tex-- ESE. 710 100 54 
—66. 2 | Iola, Tex__._.- J 113 | SE. 640 97 80 
—32.1 | Groesbeck, Tex- * N. 745 33 33 
Chandler, ‘Tex. 124| NE 850 8 8 
—63.5 | Longview, Tex..............-.-.... 3 188 | NE. 820 0 0 
1 Tem ture record lost above 15,735 meters. 
2 Height determined from two theodolite observations at end of seventy-eighth minute. 
3 Height determined from two theodolite observations at end of twenty-fourth minute. 
* Height determined from two theodolite observations at end of one hundred and third minute. 
5 Height determined from two theodolite observations at end of forty.eighth minute. 
® Height determined from two theodolite observations at end of seyenty-seventh minute 
7 (Record damaged) height determined from two theodolite observations at end of fifty-fourth minute. 
* Height determined from two theodolite observations at end of seventy-third minute 
° (Record inaccurate) height determined from two theodolite observations at end of eighth minute. 
© Height determined from two theodolite observations at end of ninth minute. 
TABLE 2.—Tabulated data TABLE 2.—Tabulated data—Continued 
OCTOBER 1, 1927 OCTOBER 1, 1927—Continued 
A Humidity Wind A Humidity Wind 
n 
90th = Bemer 90th B | At 
mer. 3 100 m.| > mer. | & 100m.| 8 
= | > < > A > 
.m. M. Mb. P.ct.| Mb. bar A. m. M. Mb. °C. P.ct.| Mb. M.p.s. 
10:10... 141; 994.2) 25.0 92 (29.16 | se. 713 A. St. SW.; 10:28...| 4,642 1 6842 1.3) 0.56) 6.04 ..--| Cloudy throughout 
250 |.....2.-| 24.5 93 |28. 62 | se. 5 St. Gu, 5,000] 559.3] 0.4 93 | 5.85 day. 
500 | 955.0) 23.3 94 /26.91 | sse. 14.1 1 Cu. Nb., 10:26...) 5,325 | 537.0} —0.5 0.26) 95 | 5.57 
95 (25.29 | sse 15.9 1 8t., 6,000 | 492.7 | —4.3 95 | 4.07 
10:13... 771 | 925.4] 22.0) 0.48 | 95 (25.14 | gse. 16.1 7,000 | 434.0 |—10.0 95 | 2.49 
1,000 | 900.8 | 20.9 j....... 95 49 5:328. 10:32...| 7,382} 413.7 0.57 | 95 | 2.04 
19.7 95 [21.81 7:12 a. E. 8,000 | 382.5 |—16.0 _ 
9,000 | 335.5 !—22.3 |....... 
1,500 | 849.0! 18.5 95 |20. 24 a: E. 10,000 | 292.9 |—28.5 
0:03 a. 10:40_..| 10,854 | 258.9 |—33.8 0.62] 95 | 0.25 
2,000 | 802.3] 16.2 95 |17. 50 10:53 a., E. 11,000 | 253.5 |—35.4 |....... 94 | 0.20 
2,500 | 758.9 | 13.4 94 (14, 46 showery ow 101, 79 0. 02 
Dp. .9 |—61.1 
3,000 | 716.5; 10.6 93 11.89 nme at 12:20 p., 10:53 0.73 ~ 
3,500 | 675.5 | 7.8 92 | 9.73 moving from 45,000 | 139.0 |—66.7 70 
4,000 | 635.0) 49 91 | 7.88 SSW. f& in SW. 5, 
4,500| 595.0) 21 90 | 6.39 at 4:10 p. moved = 10:57...) 15,999 | 118.9 |—70.3| 0.36) 70 Base of strato- 
through W. to 17,000 | 101.3 |—66.1 70 |... sphere. 
Ww. 11:00. ..} 17, 210 97.9 |—65.2 |—0.42 | 70 
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OCTOBER 9, 1927—Continued 


TaBLe 2.—Tabulated data—Continued 


MONTHLY WEATHER REVIEW 


OCTOBER 6, 1927—Continued 


TaBLE 2.—Tabulated data—Continued 
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TaBLE 2.—Tabulated data—Continued 
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OCTOBER 21, 1927—Continued 


TaBLE 2.—Tabulated data—Continued 
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1 Instrument was carried about 200 m. higher than maximum altitude tabulated but 
temperature element was affected by excessive insolation, due to slowing up of ascent. 
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TaBLe 2.—Tabulated data—Continued 
OCTOBER 28, 1927 
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TaBLe 2.—Tabulated data—Continued. 
OCTOBER 30, 1927—Continued 


J Humidity Wind A Humidity Wind 
a 
Time | At 3 4 At 
h £ Remarks 
& ei> |als < > | Al 
P. M. Mb. | °C. P.ct.| Mb. M.p.8. P.m M. Mb. | °C. P.ct.| Mb. M.p.8. 
4:08... 141 | 999.3} 28.2 33 (12.63 | ssw 5.4 | 4Ci. WNW. 3:15....| 500 | 954.8) 17.3 Clear to 10 a., then 
750 |.......- 76 3:54....| 940 | 90701 16.9} 0:00 Isothermal. 
Mi sse 7.6 1,000 | 900.8 16.5 |....... - 
4:06....| 1,181 | 887.0} 184] 0.94 sse 7.4 | Adiabatic. 1, 250 |. 14.8 Thunder first 
19 sse 7.4 1,500 | 849.5) 13.2 heard at 
16.1 6.8 2,000 | 800.0 last heard DNp. 
2,000] 805.0) 10.0 s 7.4 400....1 OG R. B. 3:18 p. 
4:10....| 2,084} 801.7 7.6 | Superadiabatic. 2,500 | 752.0 6.0 |.. E. DNa. 31 st. 
4:11....| 2331] 773.5) 91] 020 s 9.0 8,000 | 707.7) 20}. by 
s 9.6 4,000 | 626.0 | —4.0 
ssw 3.9 4:10....| 4,823 | 568.1] 0.51 
4:19....| 4,194] 615.3] O01] 018 sw. 3.2 6,000 | 550.3 | —8.9 
4,500 | 592.4 | —1.9 wsw.| 3.2 4:34...4 
5,000 | 556.7 | —3.6 wsw 2.9 
4:22....| 5,208 | 542.5] @19 2.6 4:23. 7,532 | 303.8 |—27.4] 0.86 
4:27....| 6,585 | 4544/-140] 0.72 w 4.3 9,000 | 320.6 |—39.1 
7,000} 430.0 |—17.6 w 3.6 4:32....| 9,152 | 3140 |—40.3} 0.80 
6 ii. wsw 4. " «3 |—55.1 j....... 
4:36....| 8,610} 345.6 |—32.1 0.92 Ww 3.8 | Adiabatic. 4:44___.] 11,853 | 200.5 |—62.0} 0.80 Base of strato- 
12,000 | 204.9 |—61.7 sphere. 
56....| 18,686 | 1689 
OCTOBER 30, 1927 
15,000 | 128.2 |—63.4 
3:51...-| 141 | 995.6] 19.6 78 |17.80 | wnw.| 5:06...-/ 15,019 | 127.9 |-63.5 | 0.38 
250 Cu.; NW (?). 


THE PASSING OF SIGNAL SERVICE, WEATHER BUREAU ELECTRIC TELEGRAPH AND 
CABLE SYSTEMS 


AuFREeD J. HENRY 


In Weather Bureau Topics and Personnel for May, 
1929, the following paragraph appears: 

The WeatHer Bureav’s telegraph lines between Cape Henry, 
Va., and Hatteras, N. C., and between Port Angeles and Tatoosh 
Island, Wash., the short telegraph line between North Head and 
Fort Canby, Wash., and the telephone cable between Beaver 
Island and Charlevoix, Mich., will be transferred to the Coast 
Guard at the termination of June 30, 1929. 


The above order marks the concluding chapter of the 
ey of construction, ownership, and operation by the 

ignal Service and its successor, the WEATHER BurEav, 
of electric telegraph lines and submarine cables for the 
purpose of obtaining weather reports from and issuing 
storm warnings to isolated points in various parts of the 
United States. A brief history of this special activity 
is presented in the following paragraphs: 

n the early seventies the newly organized Signal Serv- 
ice of the Army, having been commissioned by Congress 
to — a storm reporting and warning service for the 
benefit of commerce and navigation, was confronted with 
the problem of finding ways and means of reaching places 
not already linked up with any of the existing commercial 
telegraph or telephone systems. It should also be kept 
in mind that the Signal Service was a unit in the regular 
Military Establishment of the country and that one of its 
functions as such was to provide and maintain prompt 
communication between the frontier military posts of the 
Southwest and West with centers of trade and commerce 
and the War Department in Washington. 


The problem of collecting and distributing meteoro- 
logical information was solved by the organization in 
1871 of the circuit system whereby the Western Union 
Telegraph Co. set aside certain trunk lines connecting the 
larger cities of the territory east of the Rocky Mountains 
with Washington, D. C., for the exclusive use of the 
Weather Service for such time as was required each day. 

The establishment of military telegraph lines connect- 
ing military posts with the then outposts of civilization 
was based on the necessity of protecting frontier settle- 
ments from the outbreaks of hostile Indians and lawless 
men. In the early seventies the frontiers were found in 
the present States of Arizona, New Mexico, Texas, the 
Dakotas, Montana, Colorado, Wyoming, Idaho, and 
Washington. In each of these States telegraph lines con- 
necting military posts with each other and the outside 
world were constructed and operated by the Army Signal 
Service. At many of the posts a regularly instructed 
Signal Service man was in charge. It was his duty, more- 
over, to make at least three meteorological observations 
daily and telegraph them to the Washington office. At 
the peak of the period of military telegraph-line construc- 
tion there were as many as 111 military telegraph stations 
in operation and at 68 of them full meteorological obser- 
vations were made and telegraphed daily. 

The eastern seaboard of the United States constituted a 
frontier of a different character, viz, that of isolation, ex- 
cept at a very few pone as regards communication by 
the electric telegraph; it was moreover, subject to severe 
and dangerous storms during which the perils of naviga- 
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tion were greatly increased. In the early seventies the 
necessity of linking the coastal stretches with the com- 
-mercial telegraph systems of the country was an outstand- 
ing problem for the Army Signal Service. ‘A beginni 


_was made in New Jersey where tthe first unit of. what. was 


for many years known as the ‘‘sea coast’’ line was con- 


structed . between Seaville and Pecks Beach, N. J., a 
stretch of but 10 miles. Inamediate steps then were taken 
to construct a line along the beach.of the New Jersey 
coast,from Sandy Hook to Cape,May Point and later to 
extend that line to Smithville, N.C. The line was fin- 
ished in about a year and functioned successfully for many 
years; the section from Cape Henry to Hatteras, N. C., 
now transferred to the Coast Guard was a part of the 
original construction. The line was operated directly 
from the signal office in Washington, D. C., and had for 
its purpose the display of storm warnings in the interest 
of coastwise as well as of across-seas traffic. Another 
factor in its use was the succor of vessels.in danger of 
foundering or in distress. Communication. between shi 
and shore was had by means of the international sign 
flags and by visual signalling in the rare cases when a 
Signal Service man boarded a vessel in distress and wished 
to communicate with shore. 
Military Mel Peay lines in the interior, as from time to 
time, authorized by Congress were for the most part con- 
structed by troops detailed for that purpose. Among the 
first, if not the very first line so constructed, was one 
joining San Diego, Calif., by way of Fort Yuma and 
aricopa Wells, Ariz., with Prescott and Tucson... This 
construction was followed by a survey and preliminary 
work looking to the building of lines connecting pplitary 
ae in Texas, of which at that time there were 10 or 12. 
me of them were along the Texas-Mexico boundary, 


one was in the Texas Panhandle and others were more or | 


less distant from the advance posts of settlement. To 
connect these points and other places along the border 
a ha a greater outlay of time and labor than had 
hitherto been expended in any single State. 

_ Concurrently with the activity in Texas, building new 
lines and extending those already built both in Arizona 
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and New Mexico also in the far Northwest was being 
carried on. 


The longest stretch of line when single units were 
joined together was that extending from San Diego, Calif., 
to Denison, Tex., as an eastern terminal. The present 
writer, when stationed at the last-named point in 1879, 
well remembers making a number of attempts to work 
with San Diego, but without success due, no doubt, to 
the poor insulation of the line in places. Ordinariiy the 
attempt to work long stretches of the military lines as a 
single circuit was not made. The Texas lines of a total 
length of more than 1,500 miles were operated as a single 
circuit three times daily in the collection of meteorological 
reports from the stations on those lines. At other times 
they were operated as two or three separate circuits. 


Several causes were respo nsible for the gradually dwin- 
dling mileage of the military telegraph lines from its peak 
of 5,114 miles in 1882 to 1,025 miles in 1891. These 
causes, named in the order of their importance were, (1) 
appeals to Congress for increased appropriations for their 
‘maintenance were only partially realized, (2) the custom 
of detailing enlisted men from the Regular Army as opera- 
tors and linesmen failed in 1883, (3) the abandonment of 
military posts naturally resulted in the sale or dismantling 
of the line if local interests were not sufficiently great to 
warrant its maintenance as a private venture. 

In 1883, the year after the peak was reached 2,450 
miles of line were sold or abandoned and eight years later 
when the meterological activities of the Army Signal 
Service were transferred.to the newly created Weather 
Bureau in the Department of Agriculture but 1,025 miles 


. of the original 5,114 remained. Only those sections that 


were vital to the meteorological service were continued in 


suse by the Weather Bureau. The new construction by 


that bureau amounted to a total of 270 miles of land lines 
and submarine cables; that mileage plus the 629 miles 
inherited from the Signal Corps makes a total of 899 miles 
all of which has now been disposed of either by sale or 
transfer as noted in the beginning of this article. 


__ EFFECT OF CLOUDS ON THE SURFACE TEMPERATURE 
By W. J. Houmpsreys 


_ Obviously the radiation emitted by and from any por- 
tion, large or small, of the surface of the earth tends. to 
come nie equilibrium with the radiation simultaneously 
absorbed by the same surface. Clearly, too, this ex- 
change, though generally equal only twice in the course 
of a day and night, would, on the average, balance per- 
fectly (neglecting the minute supply of heat from the in- 
terior of the earth) if there were no conduction to and 
from the atmosphere, nor vertical or horizontal motion— 
convection and advection—of. the air or the oceans, nor 
evaporation or condensation. But all these thi do 
occur and they greatly disturb the radiation, balance. 
However, they. are roughly the same whether the sky be 
clear or cloudy, and therefore may be disregarded in com- 
puting a first approximation to the effect of clouds on 
. The rate of emission per, unit projected, or minimum 
inclosing. area.is a function of the material and mechan- 
ical condition, rough or smooth, of the surface (reentrant 

es producing a closer approach to the full radiation) 
its temperature (directly proportional, nearly, to the fourth 
Power of temperature), and to the barometric 
pressure, varying directly as the square of the refractive 


64746—29-——2 


index of the adjacent air. This latter effect is negligible, 
since the refractive index in question differs very Tittle 
from unity. The rate of this radiation does not, how- 
ever, depend at all on the state of the sky, such as clear 
or cloudy. 

On the other hand, the rate of absorption by the given 
radiating surface does depend, and very greatly, on the 
state of the sky owing to the consequent large variations 
in the amount of incident radiation that might be ab- 
sorbed. It also, like emission, is a function of the mate- 
rial and condition of the surface and of the barometric 
pressure. 

In general, except as prevented by winds, convection 
and evaporation, the temperature of the surface tends 
rapidly to become such that emission is equal to ab- 
— Furthermore, the greater the rate of incident 
radiation the greater, in substantially the same ratio, the 
rate of absorption and the higher the surface temperature. 


Let— 
.. S=the net radiation received. (incoming less out- 
going) per unit horizontal area during a clear 


night. 
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S’=the net radiation similarly received from sun 
and during a clear day. 

C=the net radiation received per similar area from 
a low cloud canopy by night. 

C’ =the net radiation received per like area from a 
low cloud covering by day. 


Evidently, then, if, as assumed, we may neglect every- 
thing but radiation and absorption, and consider the co- 
efficient of absorption to be the same whether the sky be 
clear or deuaed, the effect of a sheet of clouds is to 
lower the surface temperature, to leave it unchanged, or 
to raise it, according as S+8’ is greater than, equal to, 
or less than 0+ C’. 

From observations by Kimball,’ we know that through- 
out the night, and for the latitude of Washington, D. C., 
the net outgoing radiation is, when the sky is clear, 
0.15 calories, roughly, per minute per horizontal square 
centimeter, and 0.05 calories when the sky is covered 
with clouds. 

Furthermore, from observations, S=5C, roughly. 
Finally, let X be the number of minutes from sunset to 
sunrise. 

At Washington, D. C., the total radiation received per 
square centimeter horizontal surface during a clear - 
is,? in June, 732 calories, and in December, 241 calories. 
That is, numerically, in June S’=732, C’=146, and in 
December, S’=241, C’=48. In June, X=600, while 


in December, X=880. Hence in June, S=-—90, 


1 MONTHLY WEATHER REVIEW, 46, p. 57, 1918. 
? Marvin and Kimball, Journal of the Franklin Institute, 202, p. 302, 1926. 
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C= —30, and in December, S = —132, C= —44. Thus, 

at Washington, in June, §+S’=642 and C+ =116. 
Therefore a cloud canopy, day and night, at Wash- 

ington, D. C., would lower the temperature in June. 


In December, S+ 8’ = 109, 0+ 0’ =4. Hence in Decem- 
ber also a continuous cloud canopy would lower the tem- 
a at this locality. At a somewhat higher latitude, 

owever, probably around 50°, the cloud canopy would 
not change the temperature at this season, while at a 
still higher latitude it would raise the temperature. 


As stated above, evaporation and condensation, and 
the circulation of air and water are very effective as 
distributors of heat. Therefore the boundary along which 
a cloud canopy would have no effect on the surface tem- 
perature is distorted irregularly in time and place by all 
these phenomena, as well as more or less uniformly shifted 
with the course of the seasons. Only continuous and 
direct observations can give us full information as to the 
places and times of the warming and the cooling of the 
surface of the earth—the places of net gain and net loss 
of heat by all processes combined. However, it does 
seem ghia oa certain that a continuous cloud canopy 
over the entire earth would materially lower its average 
temperature. It would raise the temperature of polar 
and high latitude (beyond latitude 50°, roughly) winters 
on lower the temperature at nearly all other times and 
places. 

This qualitative result is, of course, unsatisfactory, but 
that appears to be all we can obtain at present with 
assurance. 


WINTER OF 1928-29 IN EUROPE 


By W. R. Srevens 
{Weather Bureau, Washington, June, 1929] 


The past winter has been one of the most severe that 
Europe has experienced since the inception of systematic 
meteorological observations. In Berlin, for example, the 
mean winter temperature was the lowest of record, with 
but one exception, 1829-30. There was but one day 
from December 8, 1928, to March 7, 1929, when the tem- 
perature was not below freezing. December was about 
2° F. below normal, January 6° F. below, and February 
20° F. below. Since 1851 there have been but six winters 
with all three months below normal. February, 1929, 
was the coldest since meteorological observations were 
begun at Berlin in 1720; the temperature of —13° F. 
observed on the morning of February 11, is the lowest of 
record. Lowest temperatures of record were also ob- 
served at Hamburg (—6° F.), Hannover (—13° F.), 
Frankfort on the Main (—7° F.), Frankfort on the Oder 
(—24° F.), Dresden (—18° F.), Leipzig (—17° F.), 
Breslau (—26° F.) Munich (—25° F.),. and Vienna 
(—15° F.), the latter being the lowest since observations 
were begun in 1775. 

During January pressure was above normal over west- 
ern Europe and greatly above in the region of Iceland, 
Isafjord being 0.72 inch above, while Horta was 0.33 inch 
below. One of the most unusual features in January, 
1929, was the fact that pressure averaged higher over 
Iceland than over Horta. 

In February also the pressure distribution was very 
abnormal. Iceland and Horta returned to normal, or 
slightly above, but over Scandinavia the departures were 
as much as+0.60 inch, while departures in southern 
Europe were negative. 


During the first few days of January a Low of con- 
siderable intensity was central over the Mediterranean, 
which was accompanied by heavy rains and resulted in 
the worst flood on the Tiber since February, 1915. Cold 
weather and heavy snows occurred during the first half of 
the month quite generally over Europe as far south as the 
Riviera. In central Europe the snows were so heavy that 
railway and telegraph communications were broken in 
several places, the ice on the Elbe above Hamburg was so 
thick that the river could be crossed on foot, skating was 
permitted on the lakes in the Bois de Boulogne in Paris 
on the 17th and 18th for the first time since 1917. 

The most severe period lasted from approximately 
ens 21 to February 21. For about a week previous 
to the beginning of this period a nicu of great intensity 
had been building up over Siberia in the Provinces of 
Irkutsk and Yakutsk, and began peer? spreadi 
to the westward. On the morning of January 2ist, hig 
pressure extended from Japan to western Europe with a 
crest of 31.39 inches at Bratski-Ostrog in the Province 
of Irkutsk, which had advanced to western Russia, Perm 
31.16 inches, by the 24th. Pressure fell over southern an 
central Europe, a Low of considerable intensity develop- 
ing over the Mediterranean by the 25th, which moved 
eastward and on the 3lst was central over Limasol, 
Cyprus, 29.59 inches. This Low was attended by heavy 
snows as far south as the Riviera and severe cold and 
violent storms in Jugoslavia. In the meantime pressure 
remained high in Russia and Siberia, Leningrad, 31.03 
inches; Chita, Trans-Baikal Province, 31.80 inches. 
By the morning of February 4 the Leningrad nian had 
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moved southwestward to Czechoslovakia, e, 30.42 
inches; and the Low over the Mediterranean had remained 
practically stationary, but with a slight increase in inten- 
sity, and heavy snow and violent gales occurred in Con- 
stantinople. ‘On the morning of the 3d snow was 
reported at Palermo, Sicily. Canals in Holland had 
frozen over. By February 8 the Mediterranean Low 
had moved northeastward to Kustanai in the Province 
of Turgai where it rapidly dissipated; pressure increased 
over southern Europe and remained high in the Provinces 
of Yakutsk and Irkutsk, Bargusink and Bratski-Ostrog, 
31 inches, with an extension to the northwest, Obdorsk, 
30.74 inches. By the morning of the 11th, a Low of 
considerable intensity had formed over the Mediter- 
ranean, Leghorn, Italy, 29.50 inches, and pressure had 
increased over northern Europe to 30.77 inches at 
Helsingfors. By the 12th, the Rhine, Lake Constance, 
parts of the Baltic, and the Elbe from igre to Dres- 
den were frozen. On the 15th ice floes were floating on 
the Grand Canal at Venice. High pressure in the north 
and low pressure in the south prevailed until the 23d of 
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the month, when the high pressure finally gave way and 
cyclones were again permitted to take normal courses. 
One of the most striking features during the period 
of January 21 to February 21 was the great preponder- 
ance of positive pressure departures over the Northern 
Hemisphere. During most of the period pressures were 
above normal over most of the continental areas, the 
largest departures occurring over Central Asia, where, 
except for the last few days, pressures were 0.20 inch to 
0.90 inch above normal. Negative departures were 
confined for the most part to rather small areas in northern 
oceanic regions. 
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WATERSPOUTS IN THE STRAIT OF MALACCA 


The following description.of several waterspouts ob- 
served in the Strait of Malacca was furnished to the 
Weather Bureau by Capt. F. G. Randall, master of the 
British steamshi rgate, in a communication dated 
at Singapore, February, 1929: 


On the morning of the 17th of February, in the Malacca Strait, 
in latitude 4° 28’ N., longitude 98° 51’ E., at 10:40 a. m., local mean 
time, observed waterspouts forming on the starboard bow, about 
15 miles distant. The atmospheric conditions at the time were a 
southeast wind, force 2, sea 1, with heavy, ragged cumulo-nimbus 
clouds, the approximate height of which by sextant was 2,500 feet, 
with a range of about 8 points of the compass. Cirrus clouds were 
observed in the zenith. 

Two large and four small wate uts were observed forming 
simultaneously, the average length of the well-defined trunks being 
1,200 feet; sketch attached. ( . 1.). Five minutes after their 
formation a circular disturbance of the sea beneath the spouts was 
also observed, but owing to its distance from the vessel, no definite 
statement can be made as to its nature. 

At 12:50 p. m., local mean time, on the same day, in latitude 4° 
13’ N., longitude 99° 16’ E., a well-defined waterspout was observed 


about 1 pees on the port bow, distant 5 miles. A black trunk was 
observed reaching to within 20 feet of the sea, and a conical dis- 
turbance of fierce intensity was seen immediately beneath the 
trunk. The water was plainly to be seen ascending in a spiral, but 
we were unable to tell the period of the revolution. This spout 
lasted from 0:50 p. m. to 1:15 p. m., when it dispersed. (Fig. 2.) 
At 1:20 p. m. a circular distortion of the sea, like water foaming 
over an area of about 400 feet, was observed about 1 mile distant 
on the starboard beam. Five minutes later a black trunk was ob- 
served descending from the cloud to meet the disturbance on the 
sea. The direction of rotation was anticlockwise and at a good 
speed. The water disturbance resolved itself into a conical shape, 
about 100 feet high, where the spiral became dark. The approxi- 
mate height of the trunk was observed to be 1,366 feet, by sextant, 
with an approximate circumference of 100 feet. This spout com- 
menced at 1:20 p. m. and dispersed of its own accord at 1:35 p. m. 
After the sea disturbance had ceased, the ragged, truncated cone 
was seen to be still revolving in the cloud, which slowly traveled 
in a northwesterly direction. After the dispersing of the spout a 
few heavy drops of rain fell. The atmospheric conditions at time 
of observation were a southeast wind, force 2, sea 1, and heavy 
cumulo-nimbus of an approximate height of 2,000 feet. 


WATERSPOUT ON HILLSBOROUGH BAY, TAMPA, FLA., APRIL 2, 1929 
By Witus E. Hurp 


The information contained in this description of a 
waterspout that formed in Hillsborough Bay on April 2, 
1929, was furnished by Mr. George V. Fish, an assistant 
at the Tampa Weather Bureau Station. At6 p.m. of that 
date Mr. Fish and twocompanions were fishing about amile 
from the western shore of the bay, which is here about 
5 miles wide, and 7 miles from the business section of the 
city. (See fig. 3.) At this time a threatening cumulo- 
nimbus cloud appeared over the eastern shore and the 
wind freshened. The fishermen began rowing toward 
their pier on the western shore, and while thus engaged 
observed a whirl of spray rising on the water ost 
underneath the spreading cloud. Mr. Fish, believing a 
waterspout was forming, the rowers made greater haste 
toward land. Shortly a “gray funnel twisted out of the 
front of the cloud and down from the center of it dropped 
a long gray tail as another rose up out of the center of 
the spray to meet it.”” They joined in midair producing 
a slanting spout, the base of which was carried by the 
wind in advance of the cloud. It was estimated to be 
about 1,500 feet long, and the vertical height from the 
water to the cloud base, about 1,200 feet. The spout 


was funnel-shaped at top and bottom, the base being 
about 40 feet in diameter at the point several feet above 
water where it emerged from the ring of spray. The 
diameter midway was approximately 10 feet. The 
whirling direction of both spray and spout was distinctly 
clockwise. 

While the waterspout was taking a southwesterly 
course toward the center of the bay, the Collier Line 
steamer City of Tampa was proceeding southward on a 
line that seemed likely to intercept the path of the phe- 
nomenon. As the two neared each other, Captain 
Borden reduced the steamer’s speed to permit his passen- 
gers to view the spout at close range. They were so 
near at one time that it was necessary to hold hats and 
fold the deck chairs, owing to the stiffening wind, and 
the captain, becoming fearful of an actual contact, 
fired at the spout with the live-saving gun, whereupon 
the spiral broke and faded though the ring of surface 
spray whirled on past the steamer. Shortly afterward 
the spout reformed and “after meandering back across 
the vessel’s bow a second time, settled on a course in 
the general direction of Tampa Bay and the open gulf,” 
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It now remained under observation until a rainstorm, 
coming between it and the steamer, obliterated it from. 
further view, 
‘A tremendous roaring accompanied the spout,’’ said 
My. Fish, although he did not hear it, this information 
being later given to him by Captain Borden. “A, solid 
cone of water rose up in the center of the spray to a 
height of from 15 to 18 feet. Around this cone the spray 
was being whirled, the rays from the setting sun producing 
on it all the colors of the rainbow,”’ arte 
The following generalizations were arrived at by the 
(1) The whirl on the water was visible. before. the 
funnel appeared in the cloud and before any whirling 
motion in the cloud was observed. 
_ (2) The spout dropping from the cloud and the one 
raong from the spray developed simultaneously and met 
in 


air. 

(3) The forees at work were so strong that the pressure 
at the center was lowered to a point whereby the water 
was pressed up to a height of 15 or 18 feet, and mud and 
seaweed were drawn up from the bottom of the bay 
through 15 feet of water. 

(4) The path of mud left by the spout is the best check 
on the diameter of the spiral at the base. The path on 
the water was estimated to be about 50 feet wide. 

(5) The waterspout preceded the rain by from 3 to 5 
es. After the base spray passed the bow of his ship 


mi 
Captain Borden steamed directly under the great funne 
in the cloud to observe the mighty whirling. All was in 
brilliant sunshine at the time. 

(6) The water spray was drawn so rapidly to the cloud 
that the spiral upward movement was plainly evident. 

(7) The cireulation on the water was clockwise, 

(8) No aecurate check on the duration of the spout is 
obtainable, since it was continuing unabated when the 

emar upon requency ol the phenomenon in 
Hillsborough Bay, the man from whom Mr. Fish rented 
the boat “said that he had seen seven waterspouts during 
one thundershower the previous summer,” 

Mr. Fish mentioned “another experience had by Cap- 
tain Borden some years ago with a sailing vessel in a 
waterspout. It came upon him rapidly, and while he 
made all haste to lower and secure his canvas, he was 
unable to’ complete the work before the waterspout 
engulfed the ship. It stripped his booms, breaking some, 
and wrecked other parts of his deck gear, as the vessel 
pitched and spun about, finally to emerge deluged with 
water, 


EVIDENCE OF PROLONGED DROUGHTS ON THE COLUMBIA PLATEAU PRIOR TO 
WHITE SETTLEMENT | 


By Oms W. Freeman 


Elisworth Huntington, A, E. Douglass, and others 
have presented much evidence favoring wet and dry 
years alternating over centuries of time in the south- 
western United States. The following note presents 
prod of prolonged arpugh in the past on the Columbia 

lateau in the Northwest. : 

A large number of lakes exist on the lava pletenn 
southwest of Spokane. These occupy basins in channels 
of the “‘scablands.” According to J. H. Bretz, of the 
University of Chicago, a great flood was produced by the 
very rapid melting of a continental glacier. The swift 
torrents scoured away the surface soil and the resulti 
bare basaltic bedrock is locally called “scabrock. 


The numerous interlaced channels once filled by flood 
waters are called “scablands.” Basins eroded by the 
flood are often pgcupled by lakes which vary in size from 
mere ponds in potholes to deep, rock walled lakes 10 
miles in length. 
Most of the lakes have no visible outlet. Many are 
highly alkaline, especially in the drier sections of the 
Columbia Baisn. apically the lakes occupy elongated 
basins with steep cliffs descending abruptly into deep, 
rock water, but in places along the shores of the lakes, 
particularly at their heads, materia] has been deposited 
ing swamp or shallow water, Decreased rainfall 
causes the water level to sink and trees can grow on the 
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FIGURE 2.—Successive appearances, from 12.50 p. m. to 1.08 p. m., ofa waterspout observed in Malacca Strait, February 17, 1929. From drawing made on board the 
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British steamer Flowergate 
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FiGuRE 1.—Simultaneous waterspouts observed in Malacca Strait, February 17, 1929. From drawing made on board the British steamship Flowergate iz 
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M. W. R., June 1929 (To face p. 250) 
63 
4 
$ 
+ FiGuRE 1.—Shore of Granite Lake, Spokane County, in 1926, The lake level was the lowest since white settlement about 60 
" years ago, yet stumps 1 to 2 feet in diameter, with over 100 rings of growth were standing in the lake. The trees are yellow 
pine which grow on well-drained soil. A further drop of 5 to 10 feet in lake level would be necessary for the pines to again 
i grow in this situation. The climate must have been decidedly drier for over a century to have produced such low-water 
4 level 


i FiGuRe 2.—Shore line of Silver Lake, Spokane County, in 1926. Pines and willows have migrated FiGuRE 3.—Shore of Silver Lake, Spokane County, in 1928. Willows 
; to the lower shore line which is about 40 feet below that in 1915 before 10 years of drought began. killed by rising lake water. The level of the lake rose in part because 
Part of the drop in Silver Lake resulted from pumping water for irrigation and water supply of pumping from it for irrigation and other uses ceased in 1926, but more 
: the city of Medical Lake. The men are standing on deposits of calcareous tufa ecause of heavy rainfall in 1927-28. The change of level shown in 
a these photographs is greater than for other lakes because of the pumping, 
; but all lakes in the ‘‘scablands”’ were at low levels in 1926 from drought 
and at high levels in 1928 because of abundant rainfall. Silver Lake 
4 rose nearly 20 feet in two years. Other lakes rose about one-half or 
: one-third of this amount 
; 
eo : FIGURE 4.—Shore of Granite Lake, summer of 1926. Note the stumps that had been long under water exposed by the shrink- 
cP as ing of the lake resulting from more than a decade of dry years. Some of these stumps were again surrounded by water in 
& on 1928, by the rising lake water, the result of heavy rains and snows. In 1889, according to George Craig, of Cheney, the large 
“ re rock at the left of the view was an island whose top was just above the water surface. The point at which the dead pines 


decayed and broke off leaving the present stumps would he at about the level of the lake in 1889. Wood, of course, decays 
most readily at the point where it is alternately wet and dry. Young pines are beginning to invade the mud flat beyond 
the stumps where the drainage is better. A wetter cycle in the future would drown the invaders and the story told by the 
stumps would be repeated 
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to rise and the trees are killed. 


Stumps of dead trees were rong d the writer standing | 
e 


in Granite Lake, Williams Lake, Medical Lake, Badger 
Lake, and many other lakes southwest of Spokane, 
during the summers of 1926 and 1927, when after 10 
ears of deficient rainfall the level of the lakes was the 
owest known since the white man settled the country. 
Rings of growth proved some of the trees lived over a 
century, during such a prolonged drought period that 
lake levels were below anything known y. Since 
most lakes on the Columbia Plateau, except where the 
rainfall was too low for trees to have ever grown, contain 
stumps of trees killed by rising water; it is proof of a 
widespread drought period lasting over a century. The 
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henomenon being wi ad can not be accounted for 
a local cause that might temporarily have affected 
the level of one lake alone. 

The time of occurrence of the prolonged drought, and 
whether more than one such period happened has not 
been determined. 

Additional evidence for long drought in historic times 
comes from eastern Oregon. In the summer of 1926 
Goose Lake, Malheur, and Harney Lakes almost disap- 

ared after several exceptionably dry years. In the 

ried up lake bed well defined wagon ruts were found. 
It is supposed these were made by the wagon of some 

ioneer in the decade after 1840, as the floor of the lake 

sae been exposed since the region was permanently 
settled. 


AGRO-CLIMATIC CONDITIONS IN RUSSIA! 
By Prof. W. v. PotzTixa 
{Berlin, Germany, 1928] 


On account of the uniformity and enormous extent of 
the belt of the Russian plain and the almost complete 
absence of mountains the climate is the chief factor in 
landscape formation. With the flat conditions of Russia 
this develops in zone form mainly in the direction of 
latitude and is subject to the influence of solar and 
Atlantic climatic factors. 

The orderly series of latitudinal climatic zones is ac- 
companied by a corresponding arrangement of territories 
in which soil and vegetation on the one hand and sani- 
tary, economic, and social conditions on the other are 


the same. 


Almost one quarter of European Russia is waste land, 
whose geographic features, nature of soil, and character 
of climate—marked lack of warmth in the north and 
lack of water in the south—are altogether incompatible 
with any form culture; hence the presence of tundras 
in the north and the desert belt in the south are 
readily explained. 

The climate of the flat part of Russia either shows the 
same characteristics detrimental to agriculture and neces- 
sitates recourse to primitive forms of farming in the 
northern hep ok (swampy forest) and in the southern 
steppes, or then it considerably hampers farming, as in 
almost all of the remaining parts of the middle forest and 
steppe regions, which yee the greatest and best 
part of the arable surface of Russia. 

“The climatic: extremes of the farming region are ex- 
plained for the most part by extreme continentality and 
can be summarized as Pi (a) Marked change in 
temperature from summer to winter and from day to 
night; (6) in general, long-continued, severe winter, 
espectally in eastern Siberia, and hot summer in the 
south; (¢), scant. amount of snow in Siberia and great 
extent of perpetually frozen ground, (d) lack of precipi- 
Agroklimatische Verhiltnisse Russlands. Der Kulturtechniker, Zeitschrift 


der 
Deutschen Kulturtechnischen Gesellschaft. XX XI Jahrg. Heft Nr. 6 Breslau. 1928. 
Translation of conclusions. W, Reed, 


tation in southern and southeastern Europe, the region 
of most fertile soil; (e) dissimilarity of rainfall régime 
in the whole farming area, and lack of rain in the spring 
and early summer (even in the region of the Atlantic 
wedge of maximum precipitation of eastern Europe), 
which injures forage plants, clover, and alfalfa, so neces- 
sary in crop rotation; (f) extraordinarily short growing 
season of t, to five months; and (g) droughts, hot 
winds, dust clouds, heavy downpours and hail in the 
south and southwest, and severe night frost over extended 
areas. 

The climatic extremes apres the permanent colo- 
nization of two-thirds of Russian region and impose 
upon the cultivated vegetation the stamp of a type of 
weather very fickle and. productive of smail yields. 
Hence expenditures on intensive agriculture do not pay 
and extensive forms of farming are not supported. 

Although it permits farming in the forest belt and in 
the steppes, the climate of Russia is on the whole not 
favorable to agricultural development, especially in 
comparison with western Europe, India, and China. 

The climatic conditions make farming but little profit- 
able in the greatest part of Russia; they hardly permit 
an extension of the farming area and make unattainable 
the raising of yields to the type found in western Europe, 
where the harvests are two to three times as great as 
those in Russia before the World War. Under present 
conditions on 96 per cent of small rural farms it is not 
possible to count. upon farming as the sole factor in the 
commercial, economic, and social development of Russia, 

For the further advance of Russia and. for the easing 
of the struggle of man against natural conditions there 
must be a change to diversified farming of intensive 
type and a development of household industries. 

Also, there must be development of mining in order 
that. soil fertility may be renewed and introduction of 
labor-saving machinery, without which the betterment 
of the agricultural system is impossible, 
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THE TORNADOES OF MAY 2 IN VIRGINIA 
By H. A. Frise 


A series of tornadoes, visiting no fewer than six sepa- 
rate localities within the State on the same afternoon, is 
without precedent so far as records of this class of storms 
in Virginia show. Such was the misfortune to befall the 
mountain districts of the State on May 2. 

That an unusual weather control existed seems evident. 
The 8 a. m. weather map for that date shows that the 
distribution of barometric pressure over the eastern 
United States was particularly favorable for the develop- 
ment of this class of storms. The central area of an 
energetic depression that embraced the eastern United 
States was over southern Indiana moving rapidly north- 
eastward. The tornadoes that developed over Virginia 
were therefore about 300 miles southeast from the cen- 
tral area of the cyclone. In the southeast quadrant, 
temperatures were rather high, but not as high as might 
have been the case with clear skies. 

Two of the localities visited by tornadoes were west of 
the Blue Ridge. Rye cove, in Scott County, about 9 
miles northwest of Gate City, the county seat, is located 
on a plateau of about 1,500 feet elevation between two 
ridges that rise 500 feet above the plateau. These ridges 
trend northeast-southwest and are about 2 miles distant 
from the village. 

The valley of Cowpasture River in upper Alleghany 
and lower Bath Counties also lies between two ridges, 
Beards Mountain and Rough Mountain, that. rise to 
2,500 feet, the valley being about 1,500 feet. The other 
localities are in the northern part of the State, east of the 
Blue Ridge and at lower elevations. 

Woodville, Rappahannock County, is a village between 
two ridges about a mile distant that rise around 500 feet 
above the valley in which the village is situated. The 
Blue Ridge, 10 miies to the west, rises to 3,000 feet or 
—_ oodville is about 16 miles east-southeast from 

uray. 

Lagrange is in Culpeper County about 8 miles east- 
southeast from Culpeper and 20 miles southeast of 
Woodville. 

Weaversville, near Catlett, Fauquier County, is about 
8 miles southeast of Warrenton. These last two com- 
— are not as near mountain ranges as are the first 
three. 

Hamilton, in Loudoun County, is about 8 miles east of 
the Blue Ridge, which in that part of the State is around 
1,500 feet elevation. This vicinity is about 30 miles 
northwest from Washington, D. C., and 6 miles north- 
west of Leesburg, the county seat. 

An examination of the weather maps of May 2 shows 
that the rate of translation of the cyclonic area was a 
little more than 40 miles per hour, southwest to north- 
east. Assuming that local disturbances within the influ- 
ence of the cyclone were carried along at about the same 
rate, it may have been, although it is rather improbable, 
that Rye Cove and the Cowpasture Valley were visited 
by the same tornado, 2 2. m. at Rye Cove and about 
4 hours later in lower Bath County, about 170 miles 
distant. The Valley of Virginia is rather closely settled 
and it would be remarkable if this storm should have 
passed over 170 miles without detection. Woodville was 
struck about 3:30 p. m., only an hour and a half after 
the Rye Cove disaster and three hours before the storm 
occurred in Cowpasture Valley. These facts make it 
necessary to conclude that another tornado developed 
east of the Blue Ridge. There are indications, however, 


that the Woodville storm was identical with that which 
visited the community north of Hamilton in Loudoun 
County. The storm at Lagrange and at Weaversville, 
near Catlett, occurred four and a half or five hours later 
than that at Woodville. There are conflicting state- 
ments as to the time at Lagrange, but it is believed that 
the storm passed directly from Lagrange to Weaversville. 

It therefore seems certain that three! separate tornadoes 
occurred. Each resulted in the death of one or more 
persons with serious loss of property as well as live-stock 
killed or maimed. Of the property destroyed there 
were 4 school buildings, 1 at Rye Cove, 2 in Cowpasture 
Valley and 1 at Woodville. At Rye Cove the reassembly 
of school from the noon recess had just been called by 
the principal of the school, Mr. A. S. Noblin, who is 
quoted in a news dispatch as follows: 


It was raining at the time, 12:55 p. m. central time, and classes 
were still recessed for noon, About 25 children were in the building, 
the remainder being on the playground. I was walking down the 
hall when I saw what looked like a whirlwind coming up the hollow. 
Trees were swaying and as the whirlwind neared the building it 
became a black cloud. It struck the building and I believe I 
yelled, The next thing I remember I was standing knee-deep in 
a pond 75 feet from where the building had stood. I was badly 
shaken up and frightened and surprised that I was able to wade 
out of the water. Bodies of children were scattered over a wide 
radius. 

Twelve children and one teacher were killed outright 
and 50 injured, many seriously. The fact that only part 
of the tutal assembly had entered the building at the 
time probably accounts for so many escaping death. 
The building was of oak frame, well constructed, 2-story, 
and contained 10 classrooms and an assembly room. 
It was completely demolished and scattered. Mr. I. M. 
Johnson who viewed the storm and the destruction of the 
school from a near-by hillside, saw two clouds rush to- 
gether about a mile down the valley and seemed to form 
the funnel cloud that reached the school building a few 
moments later. The school building disappeared before 
his eyes and a veritable hail of boards and débris followed. 
The tornado continued on a few miles, but so far as 
reports indicate, no other settled communities were in 
its path in that part of the State. Doctor Hart, State 
superintendent of schools, who visited the scene, stated 
that it is doubtful if any form of structure would have 
withstood the storm, but that the hazard to life might 
be less in a 1 story building in such cases. There were 
several other buildings destroyed in this village, but the 
only lives lost were in the school. The estimated loss in 
property was $100,000. 

At Woodville the tornado was seen when about a mile 
to the south of the village where a dwelling was moved 
on its foundation but not damaged otherwise. A few 
moments later it struck the village and destroyed most 
of the buildings in it, among them the school building 
and while about half of the number of pupils were injured 
with two of the teachers, only one was killed, crushed in 
the débris. This was the only fatality at Woodville. 
The storm continued on through the county, causing 
extensive damage to farm property. Mr. W. T. Yancey 
of Woodville, says in regard to this storm: 


1 It is impossible to determine from the geographic tion of the places visited by 
tornadoes whether or not there were three or twice that number of separate aye tom | 
Virginia being rather thickly settled it is reasonable to suppose that a tornado clou 
even in the air would be seen and reported at more than a single point. The Woodville 
and Hamilton tornadoes may have been the same storm but there is more or less doubt 
as to the others being continuous between the places named.—Ed. 


a q 
: 
3 
Re 
ag 
— 
a 
] 
| 


F 


Jung, 1929 


The first trace we have of this tornado was about a mile and a 


half south of the village of Woodville where it moved a large 
dwelling about an inch on its foundation. From that point it 
continued in a north-northeast direction dealing death and destruc- 
tion in its path through the County of Rappahannock. There is 
not enough of the high school left intact to build a chicken coop. 
House and scholars all blown away and why all were not killed 
was a miracle. Some found unconscious 200 yards from the site 
of the building. Five are in the hospital. 

The losses in the county have been estimated at 
$200,000. 

In the valley of the Cowpasture River are several vil- 
lages, among them Coronation and Sitlington, in lower 
Bath County. In these communities property losses 
were serious, and while a number of persons were injured, 
none were killed. The storm occurred in this section 
around 6 p. m., so there were no children in the school 
buildings at the time. Mr. E. J. Peters, who viewed 
what appeared to be the formation of the tornado, says 
that it appeared as if two strong winds met jet below 
his place and formed one current of great velocity, de- 
stroying practically everything in its path. Buildings in 
the center of the path, which was from 250 to 800 yards 
in width, were destroyed, while those on the border were 
only partially destroyed. Mr. G. L. Schumaker, post- 
master at Covington, followed the storm path for about 
12 miles. He reports: ‘s 


The storm continued about 17 miles. In some cases farmers 
lost all their property. One orchard, consisting of one hundred 
and fifty 21-year old ae trees belonging to J. W. White, was 
destroyed. At Mr. E. J. Peters’ place, the roof of the house was 
taken off and the barn, in which his sister was milking a cow at 
the time of the storm, was lifted up and carried away. His sister 
was found some distance from where the barn had stood, under a 
floor of the barn, one edge of which was resting on a stone wall. 
She was not injured, nor were the six cows that were in the barn. 
Poultry houses and poultry were carried away. Some of the 
chickens were found at a distance, dead, and practically divested 
of feathers. The property losses in this valley were estimated 
at. $75,000. 

In the wii north of Hamilton, the storm path was 
about 200 yards wide and extended for about 2 miles. 
At one farm, the house, barn, and other smaller buildin; 
were destroyed and a cow killed. The man and his wife 
were injured, but no deaths resulted in this section. At 
other places in this vicinity, damages were sustained to 
houses and barns and one large brick church. The total 
loss being estimated at $50,000. 

The Lagrange-Weaversville tornado, which was. the 
last in point of time, struck Lagrange around 7:30 or 8 
o'clock. In this vicinity, two persons were killed when 
their house was destroyed. No details nor estimate as 
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to property damage sustained in this vicinity was ob- 
tained, but to the northeast in Fauquier County, there 
was greater loss of life and more extensive property 
damage. Four persons were killed at Weaversville, and 
another probably fatally injured, but subsequent reports 
as to this have not been received. There were eight 
persons injured and sent to hospitals. Two residences 
were demolished, one a 14-room brick building, and four 
others greatly damaged. The storm seems to have ex- 
tended about a mile farther. Rev. George W. Crabtree, 
of Catlett, has been quoted in a news dispatch, as foliows: 

I was in my house and heard a terrible roar like several trains. 
I looked out and saw black clouds swirling overhead. Trees were 
bent to the ground and the house rattled. It was about 7:30 p. m. 
A neighbor told me the cyclone had hit down the road and I drove 
to the scene. All lights were out and trees were across the road, 
making it difficult to drive. As I reached the place most severely 
struck by the storm, I saw houses that had been flattened, tele- 
prone wires all over the place and débris over a radius of several 

undred yards. It was raining in torrents and the wind was still 
blowing hard. Then came the task of pulling the dead and in- 
jured from the ruins. 


In addition to the persons killed, one herd of 15 cattle 
was destroyed, a few of the cattle remaining alive were 
killed later because of the nature of the injuries. No 
estimate of the property losses in this community was 
secured, but it seems probable that they were e tial te or 
than those in the vicinity of Lowdown 

ounty, where they were placed at $50,000. 

The writer did not visit any of the devastated com- 
munities, hence the facts recited were necessarily gathered 
from those who were near at hand. Direct observation 
of funnel cloud was made in three instances, Rye Cove, 
Woodville, and Cowpasture Valley. The lateness of the 
hour in the other cases probably accounts for lack of 
definite information as to that feature of the storm’s 
appearance. Reports from observers from all the com- 
munities, class them as tornadoes. In the Cowpasture 
Valley, for at least a part of the storm path, trees were 
prostrated in one direction, that in which the storm was 
traveling. But this alone should not lead to the con- 
clusion that it was not a tornado. The demolishing, 
lifting, ana scattering of a building, greater destructive- 
ness near the center of the path than on the borders, are 
features that indicate tornadic winds. Tornadoes travel 
rapidly, as a rule, passing any given point in a few mo- 
ments of time. There is always a terrific noise, carrying 
consternation to any living thing in its path. Only by 
observing at a distance can a correct impression of a 
tornado’s outer appearance be gained. 


THE TROPICAL STORM OF JUNE 28, 1929 
By W. P. Day 


Pressure had been low for several days previous to the 
28th over the western portion of the Gulf of Mexico, but 
it was not until this date that any definite disturbance 
was more than suspected, a call for special observations 
being made on the morning of the 28th. A much delayed 


report from the steamship Chester O. Swain (the a 


vessel apart in this region for several days) located the 
storm off the Texas coast and the following warning was 
immediately issued : sia 
Hoist northeast storm warning 2 p. m. Galveston to 

Christi ; disturbance of unknown but probably moderate intensity; 
central about latitude 27° N., longitude 95° 30’ W., apparently 
moving north-northwestward; will cause strong shifting winds 
probably gales at times on the Texas coast between Corpus Christi 
and Galveston. 


The storm was of extremely small diameter, but of 
considerable intensity over a path about 20 miles in diam- 


eter from Port O’Connor to San Antonio. The lowest 
barometer reading probably was not below 29 inches, 
29.12 being reported from Port O’Connor, 29.1 at Victoria, 
and 29.44 at San Antonio. Being of such small! diameter, 
the storm did not last more than two or three hours at 
any one point, but estimated wind velocities as high as 
80 miles per hour were reported. Corpus Christi and 
Galveston were only slightly affected. 

Due to the difficulty in locating the storm, which was 
apparently in process of rapid development even as it 
struck the coast, adequate warnings were impossible for 
Port O’Connor and the southern portion of Matagorda 
Peninsula, the storm passing Port O’Connor at 4:30 p. m. 
The storm lasted from 4:30 to 6 p. m. at Port Lavaca 
and from 6:30 to 8 p. m. at Victoria. 
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HARRY CRAWFORD FRANKENFIELD, 1862-1929 


The Weather Bureau has just sustained a serious loss 
in the death of Harry Crawford Frankenfield on July 29, 
1929. While crossing Madison Place, Washington, D. C.., 
about 8 p. m., July 22, he was knocked down and severely 
injured by an automobile operated by a hit-and-run 
driver. Doctor Frankenfield was taken immediately to 
Emergency Hospital where he lingered until the 29th 
when the end came. 

He was buried in Arlington National Cemetery with 
military and masonic honors. 

Doctor Frankenfield was born at Easton, Pa., on 
November 24, 1862; was graduated from Lafayette 
College in 1881 with the A. B. degree and he received the 
A. M. degree in 1884. He also held the degree of M. D. 
from Howard University, of Washington, D. C. 

Upon graduation from college he enlisted in the United 
States Signal Corps and after passing through the several 
courses at the School of Instruction of the Signal Service 
at Fort Whipple (mow Fort Myer, Va.), he was detailed 
for duty at the central office of that service in Washington, 
D.C. Here he came under the notice and attention of 
Gen. A. W. Greely, then Chief Signal Officer. 

General Greely, among all of the bureau chiefs of the 
Federal Weather Service (and the writer of this note 
has served under each of them), had his own particular 
way of becoming acquainted with the work of his sub- 
ordinates. It was the general’s custom to make almost 
daily a quiet informal inspection of the several branches 
and divisions of his office and he naturally soon came to 
know not only the name of each employee, but also the 
nature of the work he was performing and he had, more- 
over, an almost UnROnay SEAT of telling whether the work 
was being done to the best advantage. Young Franken- 
field soon gained the general’s approval and it is not there- 
fore surprising that in 1887, without previous experience 
in charge of Signal Service stations, he should be selected 
for charge of the Chicago station, one of the most impor- 
tant stations of the Federal Weather Service. 

He succeeded to charge of the St. Louis station in 1894 
and was next detailed to duty in the central office of the 
Woepys Bureau in Washington, in 1898, as a national 
orecaster. 


Frankenfield brought to this position a mind of the most 
nimble sort; he was unusually quick to visualize the general 
ensemble of the weather charts from day to day and with 
experience soon became a successful forecaster. His con- 
tributions to the art will be found in Weather Forecasting 
in the United States and other papers, : 

The work in which his interest was greatest, however, 
was not weather forecasting but the prediction of floods 
in the main rivers of the country. The amount of labor 
devoted to this subject was prodigious; as a result his 
knowledge of the idiosyncrasies of the relations between 
rainfall and run-off in the rivers of the United States is 
not surpassed by any one. Many of his contributions in 
this field having but a local interest have not been pub- 
lished but are preserved in manuscript at the several 
Weather Bureau stations. His papers on the historic 
floods in the ert rivers of the country may be found 
in the series of Weather Bureau bulletins, letter file, and 
also among the supplements to the Montaty WEATHER 
REvIEW. 

Doctor Frankenfield was also the author of Weather 
Bureau Bulletin, F Kite Observations of 1898 and many 
shorter papers. For recreation he enjoyed a game of 
bridge and played a fair game of billiards, notwithstanding 
a very unorthodox style of stroking the cue ball. He was 
fond of walking and professional baseball games, but he 
eschewed golf and other forms of physical exercise. 

He was a member of the Philosophical Society of Wash- 
ington, the Washington Academy of Sciences, the’'Cosmos 
Club, and a fellow of the American Meteorological 
Society. He belonged to the Masonic fraternity having 
served as master of his lodge. 

Doctor Frankenfield is survived by his wife Katherine 
Thornton Frankenfield and a sister Miss Flora Franken- 
field. . He will be remembered by his many friends within 
and without the Weather Bureau for his genial ways, his 
open, frank criticisms, and the loyalty to the friends he 
made and held. To the field men of the service he was 
without doubt the best known of the Washington office 
officials; to them and his many friends wherever found his 
untimely passing away will be a grievous loss —A. J, H. 


NOTES, ABSTRACTS, AND REVIEWS | 


- Dr. J. Patterson becomes director of the Canadian Meteor- 
ological Service ——The following letter will be of much 
interest to all readers of the Review: 


METPOROLOGICAL OFFICE, 
Toronto, July 11, 1929, 

Dear Proressor Marvin: Sir Frederic Stupart retired from 
the position of director the 30th, June, and I have been appointed 
to succeed him. It shall ever be my desire to continue and develop 
the happy relationship that has always existed between the two 
services. I shall at all times be pleased to do anything in my 
power to advance our common interests. 

Yours sincerely, 
(Signed) 


Prof. C. F. Marvin, 
Washington, D. C. 


The retiring director, Sir Frederic Stupart, entered the 
Canadian Meteorological Service in 1873, thus serving 
about 57 years. In 1894 he was made director. In 
1916 he was knighted. Since Doctor Patterson has been 
associated with Sir Frederic for a great many years it is 
gratifying to know that the same cordial relations that 

ave always existed between the meteorological services 
of the two countries will continue —- Hd. 


J. PaTTEeRson. 


R. De @. Ward’s proposed guidebook to the world’s 
weather and. climates-—Prof. Robert. De: C... Ward,,..of 
Harvard University, in an address before the American 
Philosophical Society im April, 1928, suggested that the 


compilation of a guidebook to the weather and climates of 


_ the world would serve an extremely useful and educa- 


tional purpose. ‘A complete guidebook,” said Profes- 
sor Ward, “should include three aspects of the general 
subject with which it deals. It should give descriptions 
of characteristic weather types, as, e. g., a typical ay in 
the heart of the trade-wind belt at sea; a winter spell of 
bright, sunny weather in the Alps; a cold wave in the 
eastern United States; a summer rainy spell on the high- 
lands of Scotland, and so on. It should next give simple 
but scientifically accurate descriptions of special local 
meteorological phenomena, such as the winter’ monsoon 
on the west coast of Japan; the ‘cloud drip’ on the 
island of Ascension; the typhoons of the eastern seas. 
Thirdly, it should give vivid descriptive accounts of the 
various climates to be met with in different parts of the 
world and their economic and general human relations, 
as, for‘example, the damp marine coast climate of Alaska, 
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with its dense vegetation, its glaciers, and its unsuita- 
bility for agriculture; the desert climate of the ‘dead 
heart’ of Australia, a great barren waste, without hope 
of any general reclamation or development; the modified 
tropical climate of the plateau of East Africa, with its 
possibilities for future white settlement; the continental 
climate of central Europe, neither as extreme as that of 
the northern interior of North America on the one hand 
nor as mild and even tempered as that of the British Isles 
on the other.”—A. J. H. 

Pilot-balloon observations at Apia, Samoa.—Mr. Andrew 
Thomson, director of Apia ‘Observatory, has recently 
published the results of 380 pilot-balloon observations 
made at Apia, western Samoa (lat. 13° 48.4’ S.; long. 171° 
46.5’ W.), during the period between May, 1923, and 
April, 1928... An excellent feature of the pamphlet is 
the numerous graphs depicting various phases of the 
aerological data. Especially interesting among these 
are Figure 3, showing the variation of wind velocity with 
height and the number observations at different heights; 
Figure 5, showing the percentage frequency of wind direc- 
tion at various levels; Figures 9 and 10, showing average 
altitude of boundary between winds with east-west and 
north-south components, respectively, and Figure 11, 
redo the constancy of wind direction at various 

evels. 

In connection with the change of wind direction with 
height the author states: if . 

At the surface and up to a level ‘of 0.25 kilometers the observed 
winds are from nearly true east all the year round. * * * At 
heights from 2 to 3 kilometers westerly winds become increasingly 
frequent, and at 8 kilometers, they are more common than easterly 
winds. Aboye this. and up to atleast 14 kilometers blows a strong 


steady wind from approximately southwest. From March to 
October this wind persists to an altitude of 20 kilometers. 


Regarding the velocity and constancy of upper winds 

The trade winds. would appear to have their maximum velocity 
of 6.1 m.p.s. at about 0.25 kilometers altitude, decreasing con- 
tinuously above this level, In the layer of westerly winds or 
counter trades the maximum velocity of 10.8 m.p.s. is reached at 
11.5 kilometers. G. M..B. Dobson has shown that'in England 
the tropopause is. characterized by high and rapidly varying wind 
velocities. It is probable that the tropopause in the latitude of 
Apia is at least’ 14 kilometers high so that the maximum velocit 
here found for this station is not associated with the tropopause. 
_dn view of the fact that the average wind velocities 
continue to incréasé with height aobve 14 kilometers 
and also that ‘a month’s series of sounding balloon obser- 
vations madé ‘at Groesbeck,’ Tex. (lat. 31° 30’ N.; long. 
96° 28’ W.), in October, 1927,? showed the mean height 
of the be kilometers it is that 
its. average height over Apia is apprecia greater, 
probably close 1? Kilongetets? 

Regarding the steadiness of the winds the author states: 

For the whole year the winds from the surface to 3 bilosnasere 
are steady in direction.,, The, gteatest variability oecurs at 4.5 
kilometers but abave 6 kilometers a fairly constant direction is 
again maintained. This is notably the case for the stratum lying 
between 10 and 12’ kilometers. * * * The counter trades are 
almost as constant at the levela where they have the greatest 
velocity. as.are the trade winds blowing at the surface. 


In discussing the mass movement of air which the 
author represents by the product of the mean, velocity 
and ‘the density of the stratum, he states, 

_ In the layers below 14 kilémeters there is 5.3 times as miueh air 


transpo: toward the Equator during the year as moves pole- 
wards, Every month shows this excess of northward moving air. 


“10 
bservations Samoa (2d series), by Andrew 


, director of 
? Published in this REVIEW, 


* Nature (London), June 1, 1929, pp. 894-846, by K. R. Ratanathan. 
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It can scarcely be counterbalanced by currents above 14 kilometers 
flowing away from the Equator, since the inclusion of all available 
data to 20 kilometers would inerease the excess. The density of 
air at 20 kilometers altitude is only 3 per cent of that at the surface. 
Since the fraction of the atmosphere above 20 kilometers which is 
unaccounted for is so small it must be concluded that Apia is a 
point where there is a pons inflow of polar air toward the Equator. 

*. * It is probable there is almost equality in the masses of 
air moving eastward and westward above Apia. 


It is hoped that a larger objective may be substituted 
for the one which was used on the theodolite in view of 
the author’s statement that higher observations would 
be possible if that were done. Based on experience with 
the theodolites used by the Weather Bureau it is thought 
that heights above 20 kilometers would be comparatively 
frequent under the conditions of light winds prevailing 
in that region. It also appears probable that ‘‘free- 
rising’ captive balloon observations would be very 
successful at Apia.—L. 7. Samuels. 

Hailstorm at Duluth, Minn., June 10, 1929.—Thunder 
heard at 2 p. m. and from 3 p. m. to about 4:10 p. m. 
Rain: from 3:40 p. m. to 4:10 p.m. From 2 p. m. to 
6 p. m. the barometer fell at steady rate of about 0.10 
inch in four hours, no surging effect indicated <4 baro- 
graph. Clouds prior to storm were the usual thunder- 

ead type. Wind force varied from moderate to fresh 
before, during, and after the storm—from southwest 
to 3:45 p. m., west to 3:56 p. m., northwest to 4:06 p. m., 
then west. Maximum velocity was 23 miles from north- 
west in the five minutes beginning 4 p.m. Very sultry 
conditions had prevailed all day, as well as during and 
immediately following the storm; this was the only out- 
standing or noticeable weather feature. 

Hail from 3:56 m. to 4:07 p.m. Ground fairly 
carpeted with hailstones varying from marble size to as 
large and — than baseballs, the larger ones being 
mostly round and. averaging the latter size. (The 
standard baseball is understood to weigh 5 ounces.) 
The big hailstones fell between.4:05 p. m. and 4:07 p. m. 
The largest found at the Weather Bureau immediately 
after the storm measured.3 by 3 by 4% inches and weighed 
6 ounces. Some of the irregularly shaped hail were 
reported as being even | One measured by an 
official of the American Paint Co. at Superior Street 
and Thirtieth Avenue West. was stated as being 3 by 4 
by 5 inches and her tor 12 ounces, and there were 
unauthenticated reports of still larger ones. The water 
content of the larger hail probably averaged around 0.02 
inch. There was also some difference in weight of hail 
averaging the same size. Many were beautifully marked 
with the concentric 

Forty after the storm a hailstone was found 
at the Weather Bureau measuring 2% by 3 by 4% inches 
weighing 5 ounces; and two hours. after falling several 
were found averaging % by 1 by 1% inches and weighing 
ounce. The Weather Bureau lawn and flower 
beds are spotted with innumerable holes where the large 
hail fell, the holes being as, deep and in some instances 
deeper than the measured diameter of the hail. This 
condition was rather general in the area affected. 

As near as can be ascertained the larger hail fell over 
an area extending from about Fortieth Avenue East to 
Thirty-fifth Avenue West and northwest to including 
Duluth Heights, a suburb, representing a section approx- 
imately 7 miles long by 2 miles wide. 

Much damage resulted, especially to store windows 
facing northwest, street lights,.auto windows and wind- 
shields, skylights, and greenhouses. The glass damage 
dlone ‘will’ probably “run about $20,000. Pelting hail 
stones penetrated the tops of hundreds of automobiles, 
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with perhaps no insurance coverage. A few people 
suffered minor injuries.—H. W. R. 

Weather Bureau staff meetings, 1928-29, by W. R. 
Stevens, Secretary—The regular biweekly meetings of the 
scientific and technical staff of the Central Office, which 
were initiated in the autumn of 1923, were continued 
during the winter of 1928-29. Following is a list of the 
discussions (asterisks denote speakers from outside the 
Weather Bureau). 


October 3, 1928 , 
W. R. Gregg. Meteorology as an aid to safe flying. 
October 17, 1928 


W. W. Reed. Discussion of two pa ers by W. Peppler. 

(a) Contributions to the know 6 ro the surface 
temperature of Lake of Constance. 

(b) Changes in relative humididity over Lake of Con- 
stance with warm and cold invasions. 


October 31, 1928 


C. F. Marvin. Discussion of the transactions at the 
meteorological meetings in Paris and London. 


November 14, 1928 


A.J. Henry. Rainfall of China. 
E. B. Calvert. Transactions at the meteorological 
meeting in London. 


November 28, 1928 


C. F. Marvin. Present status of calendar reform. 
H. H. Kimball. A sunspot cycle of solar-constant 
values. 
December 12, 1928 


H. C. Willett. Some aspects of air-mass analysis. 


January 9, 1929 
O. L. Fassig. The hurricane of September, 1928, 


January 23, 1929 


H. C. Frankenfield. Discussion of the Mississippi 
River flood-control problem. 
A. J. Henry. Monthly charts of pressure anomaly. 


February 6, 1929 
F, E. Matthes.* Some unusual forms of snow and ice. 
February 20, 1929 


F. G. Tingley. Load lines and other measures for 
safety at sea. 
March 6, 1929 


H. H. Kimball and W. J. Humphreys. Measurements 
of the amount.of ozone in the earth’s atmosphere and the 
altitude at which iv is found. 


March 20, 1929 
W. J. Humphreys. Rainbows. 
April 3, 1929 


C. F. Marvin. Accumulated sums of departures as an 
index to climatic changes, — 


JUNE, 1929 


April 17, 1929 


I. F. Hand. An investigation of the contamination of 
the atmosphere by an industrial plant. 

A. J. Henry, H. C. Frankenfield, and R. H. Weight- 
man. Discussion of the nomenclature of cyclones. 


April 29, 1929 
W. E. Hurd. (a) Northers of the Gulf of Tehuante- 


pec. 
(6) Tropical cyclones of southeastern North Pacific. 
C. F. Brooks.* The 11-year period in San Diego 


May 13, 1929 


C. F. Brooks.* Further studies of Gulf Stream tem- 
peratures and current in the Straits of Florida. : 

Meteorology. By David Brunt. 112 pages, 19 dlustra- 
tions.—It is a rare pleasure to find an elementary work 
on any science that one can unreservedly recommend. 
This book by an important official in the meteorological 
office, London, affords that pleasure. It covers the en- 
tire range of meteorology, except the optical phenomena, 
about as fully, perhaps, as the average person cares to 
know it. There are no mathematical equations, and no 
attempt to discuss things that require for their elucida- 
tion this type of formal logic. Nevertheless, Dr. Brunt 
evidently assumes that his readers already have some 
knowledge and want more, for he writes as one scholar 
to another and not, as so many authors of popular science 
do, as a romancer to blockheads. 

Each of the 11 er $e is excellent, but the one that 
treats of that most difficult subject, the Origin of Cyclonic 
Depressions, is so excopeonslly. good as to deserve espe- 
cial mention.— W. J. Humphreys. . | 


The past cold winter and the possibility of long-range 
weather forecasting, by W. J. Pettersson.—Modern meteorol- 
ogy has made notable advances in forecasting the weather 
of the next day, but when it attempts to predict the 
weather for more than a week ahead, the percentage of 
successes does not exceed 50 at the most. One reason 
for this failure is to be found in the refusal of the mod- 
ern meteorologist adequately to take into account in the 

roblem of weather prediction of direct terrestrial in- 
uences, such as that of the physical state of the sur- 
face waters of the oceans, even though he may be ready 
enough to take such an influence into account when 
dealing with one of those aerodynamical problems—for 
example, the life history of an Atlantic ‘‘depression’’— 
which he regards as lying within his particular province. 
Another reason is his neglect of the “‘ Polar-front” theory 
of Professor Bjerknes, one of the greatest authorities 
on aerodynamics and hydrodynamics. 

- Professor Bjerknes regards the polar regions as caps 
of cold air maintained largely in consequence of the local 
accumulations of ice and snow, offering a kind of cold 
circular wall facing the warmer winds of temperate 
latitudes. He considers that in conjunction with the 
strongly heated equatorial regions, they set up a circu- 
lation which brings warm air aloft from the equator to 
the pole, there to be cooled and to sink, weighed down 
by its increasing density, until it is absorbed into the 
polar cap; that these reservoirs of cold air at the poles are 
constantly discharging their accumulated air toward the 
equator along the earth, in accordance with “impulses” 
supplied by the region of low barometer around the 
equator; that the trade winds represent. successful at- 


‘ Reprinted from Nature, London, May 25, 1920, 
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tempts on the part of such accumulations of polar air to 
reach the region of equatorial calms. He supposes, 
further, that the cyclones of the north Atlantic arise 
through the mixing of the cold and warm air masses 
along - margin of the polar cap (the so-called ‘polar 
front”’). 

It is clear that a great simplifying theory such as this 
offers a basis for long-range forecasting of the weather in 
our latitudes. If we accept the theory, it is not difficult 
to see that the general character of the weather over lon 
periods may follow changes in the extent and shape o 
the region of cold sea, for the polar caps must, in the long 
run, coincide with the regions of coldest water. For 
example, the presence of a tongue of warm water jo 
jecting mto Arctic regions, such as the so-called Gulf 
stream of the north Atlantic, will push this boundary 
back toward the pole, and cause contrasts such as are 
offered in winter by the cold climate of Labrador and the 
relatively mild climate of Iceland. 

We may consider now whether the past severe winter 
can not connected with some modification of the 
normal temperature of the seas within the area of excep- 
tional cold. The immediate cause of the severe weather 
has clearly been the presistence of northerly and easterly 
winds over Russia and central Europe circulating round 
an “anticyclone” or region of high barometer over 
Scandinavia and Finland; which anticyclone has gener- 
ally been separated from the area of high pressure that 
normally covers Siberia in winter by a region of relatively 
low pressure over Russia. Now Professor Witting found 
in the Baltic in the summer of 1927 a layer of cold water 
at a depth of about 10 fathoms, beneath the very warm 
surface water, heated by the sun, having altogether a 
volume much greater than that of a whole normal year’s 
outflow from the Baltic into the North Sea, and having 
a temperature about 10° F. lower than the average. The 
surface waters of the Baltic are derived ultimately from 
the mixing of the river water with that finally ascendin 
from such deeper layers, and this cold water might we 
sane their surface water, and the air in contact with them, 
or two years or more, in accordance with the time that 
the water might be expected to take in passing away 
along the Norwegian coast. Such chilling would cause 
the aga epee which are so apt to form over Scandi- 
navia to be more than usually persistent, as has been the 
case this winter. In this way the action of the cold water, 
which is far too small to produce directly a a of 
cold such as has been observed, may do so indirectly 
through the agency of the wind, and the resulting accu- 
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prindoee of ice and snow will carry the process still 
urther. 

It seems clear that if the action of a single sea such as 
the Baltic can be so great, there is a great field open for 
international cooperation in the systematic study of the 
physical states not only of the Baltic but also of all the 
seas and oceans in and around Europe, including the 
Caspian and the Black Sea. This should be done once 
a year, if not twice, and the results should be published 
quickly, so as to be available for long-period weather 
forecasting. This was in fact the policy of the Inter- 
national Council for the Exploration of the Sea before 
the war. It is hoped that the remarks that I have made 
will show that permanently to abandon such a scheme 
be to throw away the of saving 
millions of pounds that would be afforded by the 
prediction, in good time, of winters such as that of 
1928-29. 

June lake levels —According to a report of the United 
States lake survey the lake levels for the current June are 

igher than a year ago by the following amounts: 
uperior, 0.26 foot higher than in June 1928. 

Huron, Mich., 2.08 feet higher than in June 1928. 

Erie, 1.88 feet higher than in June 1928. 

Ontario, 1.87 feet higher than in June 1928. 

Meteorological summary for Chile, May, 1929 (by J. 
Bustos Navarrete, Observatorio del Salto, Santvago, 
Chile.)—The rainy season began in central Chile in this 
month, but precipitation was not frequent. The Pacific 
atmospheric circulation was particularly active in the 
first and third decades. — 

The important anticyclonic centers that were accom- 
panied by fine, cold weather were charted as follows: 
5th to 6th, moving from central Chile toward Argentina; 
9th to 12th and 14th to 19th, passing from Chiloe to the 
northern part of Argentina, and 25th to 30th, forming 
over the Juan Fernandez Islands, recurving toward the 
south near Chiloe, and later passing over Cordoba. 

There were three important depressions attended b 
unsettled weather, wind, and rain during the perio 
3d to 5th, 6th to 8th, and 23d to 25th. The first of 
these brought the first rain of the season in the central 
region on the 4th, the second crossed the extreme southern 
(austral) region, and the third caused general rains in the 
southern and central regions and snows on the cordilleras. 

Monthly totals of precipitation were as follows: Re- 
gion of Santiago about 2.40 inches, region of Concepcion 
about 6.70 inches, and region of Valdivia between 6.70 
and 9.40 inches.—Translated by W. W. R. 
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BIBLIOGRAPHY 
C. Taman, in Charge of Library 


RECENT ADDITIONS 


The following have been selected from among the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 


Bartels, J. 
Gezeitensch 
p. 163-210. figs. 24% em. (Sonderdr.: 
experimentalphysik, Bd. 25, 1. Teil.) 


Moises S. 

Estudio de las periodicidades aparentes o reales de las 
lluvias y tempestades. Puerto Bertoni. 1918. 58 p. 
24 cm. (Descrip. fisica & econ. del Paraguay. Div. 
Met. & clim. See. 24: meteorocnosia. Num. 24:2.) 


ngen der Atmosphare. Leipzig. 1928. 
der 


Biel, Erwin 
e des ehemaligen dsterreichischen Kiisten- 
ee Wien. 1927. p. 135-193. figs. plates. 31% 
em. nksehr. der math.-naturw. Kl, 101. Bd.) 
Chapel, L. T. 


Climatic averages for Cristobal-Colon. Averages from 
20 years weather records. Cristobal. 1928. 10 p. 
30% cm. [Manifolded.] 


Chernyshoff, M. J. 

Loss of warmth in aqueduets in frozen ground. Vladi- 
vostok. 1928. 12,19p. plates. 27¢em. (Mem. Univ. 
d’Etat a VExtréme-Orient. Sér. 13, no. 3.) [Author, 
title and text in Polish. Résumé in English.] 


Fjeldstad, Jonas Ekman. 
Contribution to the dynamics of free progressive tidal waves. 


Bergen. 1929. 31 cm. orwegian north sr 
exped. with the “ aud” 1918-1925, sci. results, 
no. 3.) 


G. 
Die Trockengebiete Europas und deren Ursachen. p. 
353-358. 26 em. (Sonderab.: Ztschr. Gesellsch. fiir 
Erdkunde zu Berlin. Jahrg. 1928, Nr. 9/10.) 


Knoche, Walter. 
Karten der Januar- und Juli-Bewélkung in Chile. p. 220- 
224. chart. 26 cm. (Sonderab.: Ztsehr. Gesellsch. 
fiir Erdk. zu Berlin. Jahrg. 1927, Nr. 4.) 


Ortiz, Oscar Rivery 
lodtenaianan de los vientos mas importantes que reinan en 
los distintos oceanos. De la de meteo- 
rologia” por el Alferez de ag te 52 cm. [Bol. 
hidrograéfico. Habana. no. 65-66. Ago. Sept. 10, 128.) 


Osaka. Meteorological observatory. 
Normal report of meteorological in Osaka 
the forty-three years from 1883 to 1926. " 1, Osaka. 
1926. 175 p, 26% 


Penck, Albrecht. 
Die Ursachen der Eiszeit. Berlin. By d. 76- 6-85. 26 
em. (Sitzungsber. preuss. Akad. der Wiksensch. 1928. 
VI. Sitzung phys.-math. Kl. 23. Feb: vom 3. 
Feb. 1927.) 


Peres, Manuel Anténio, Jr. 


Valores normais da temperatura do ar em Mogambique 
Lourenco Marques. 1928. p. 43-52. cm. 
ecom. e estat. sér. esp. N: 0 4.) 


Perlewitz, [P.] 
und Drachenwarten. fig. 28% ¢ 
“Hansa,” Nr. 43, 

Das Klima von Hamburg. 1928. 16p.° illus. 29 cm. 


P. 

Niederschlagskarte des Rheinstr ietes. Leips 1928: 
48 p. 26 cm. (Erlauternder Text.) (Veréffent. met. 
Observ. Aachen.) 

Temperaturkarte des Rheinstromgebietes. Leipzig. 1928. 
47 p. 26 em. (Erlauternder Text.) (Verdffent. met. 
Aachen.) 


} 


A 
Charakteristiken der Tem mnperotesn der Luft aol der Meeres- 
oberflache an der niederlindischen uate. Pr 1928 
223-234. 23 em. (Arbeiten des geogr. 
er deut. Univ. zu Prag. Neue Folge. Heft } 


Shostakovich, V. B. 
Der ewig gefrorene Boden Sibiriens. 394-427. illus’ 

25% cm. (Sonderab.: Ztschr. Gesellsch. 

zu Berlin. Jahrg. 1927, Nr. 7/8.) 


Trimble, Robert E. 
Ciimote of Colorado, a 8 forty-one year record. Fort Collins, 
n.d. 68 p. 23 (Col. agric. coll., exper. sta. Bull, 
340, Dec., 1928.) 


U. S. Library of congress. 
Bibliography on flood control. Prepared in the division of 
Library of congress, December 10, 1927, 
Washington. 1928. 83 234 cm. (H. 70th 
cong., 1st sess. Comm. doe, no. 4.) 


Wehrié, Ph., & Viaut, A. 1 
Les traversées et tentatives de traversées indolemnan. de 
l’Atlantique nord en 1927 au point de vue météorologique. 
Paris. 1928. 2385 p, illus. 33 cm. (Mém. de 
nat. mét. de France. No. 19.) i 


SOLAR RADIATION MEASUREMENTS, JUNE, 1929 
By Hersert H. 

For reference to descriptions of instruments and ex- 
posures, and an account of the method of obtaining and 
reducing the measurements, the reader is referred to this 
volume of the Rrvirw, page 26. 

Table 1 shows that solar radiation intensities averaged 
slightly below normal values for June at all three stations 
at which measurements are made. 

Table 2 shows an excess in the}total radiation received 

on a horizontal surface at Washington, as compared with 


the June normal for that station, is close o aetel at 
Madison and Lincoln, and is deficient at Chicago and 
New York. 

Skylight polarization measurements obtained on three 
days at Washington give a mean of 46 per cent with a 
maximum of 50 per cent on the 13th. These are close to 
the corresponding averages for June at Washington. At 
Madison measurements obtained on six days give a mean 
of 56 per cent, with a maximum of 61 per cent on the 19th 
and 29th. These are slightly below the perennanene 
averages for June at Madison. 
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MONTHLY WEATHER REVIEW 
1.—+Solar radiation intensities. during June, 1929 


{Gram-calories per minute per square centimeter of normal surface} 


Sun’s ‘zenith distance 
8 a.m.) 78.7° ['75.7° | 70.7° | 60.0°| 0.0% | .60.0°| 70.7° | Noon 
— — 
Date 75th Air mass Local 
time bh | solar 
AM P.M. time 
| 50} 40} 80 | 20) 110/20 | 30) 40) 50] 

mm. cat, | eal. | ¢ate} eal. | cat. | cat. | cat. | cat. | mm. 
June 4........ -.| 6.27) 0.72, 0.87) 1 1.31 5.36 
June 9. 14)... 059) 0. 8. 81 
June 12 1. 12. 68 
June 14 14. 60 J 1.17 17.37 
June 17 16, 1.15 14. 10 
June 16, 20)... 0.76) O04) 14. 60 
Means... (0, 0.69} 0.88} 1. 181(0. 
Departures... +0. —0. 04/—0, 

Madison, Wis, 

June 0. 7.87 
June 15......... 104, 1.27] “ae ---| 12. 24 
June 12. 68)... 8. 81 
June 26.......-- 19.21 1, 12) 133 Z 
June 29_........| 12, 24 11. 38 


June 12. 0.49} 0.63) 0. 

June 11 17,3 0. 0. 76} 0. 

June 8, 48}...21 0.67] 0.85) 1.07; 

June 14 9.4 0. 0. lil 

June 12. 68)... “0. 0.77) 9. 

June 40. 0. 1.14 

June 20. 8.1 

June 21 8. 81 ---| 0. Ll 

June 25. 10. 21) 0. 0. 1 

June 28. 9, 47 0. 1,08) 1.24 

Means.__ 0. 851. 1. 

—0, 08] —0. 08}.-+0. 05) —0. 05/0. 

Extrapolated. 


TaBie 2.—Solar and sky eadiation' tecetved on a horizontal surface 
[Gram-calories per square centimeter of horizontal surface] 
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POSITIONS AND AREAS OF SUN SPOTS 


[Co: icated b 
Data ished. by Naval 
Mount Wilson observatories. The 


central meridian, positi 


Observato 
Yi e 


. 8. Freeman, Superintendent U. 8. Naval Observatory. 

cooperation with Harvard, Yerkes, and 
rences of longitude are measured from 
tive west. The north latitudes are plus. Areas are corrected 


ing and are in millionths of sun’s visible hemisphere. The 
area, including spots and groups, is given for each day in the last column} 


Heliographic Area Total 
standard 
poe civil | pig, | Longi-| Lati 
time long. oe tude | Spot | Group day 
J 1 52 ak +13 5 46 
tory). 21.0 99.6 | +17.5 
58.5 |, 137.1 | +14.5 485 
June 2 (Naval Observa- 12 28 | —46. 18, 13.5 
+72.0 } 136.5 | +14.5 432 524 
June 3 (Naval Observa- ll 44) —845) 327.1| -—9.5 
tory). —35.5 | 161 | —15.5 
25. 26.6 | —16.0 
+17.5 69.1 | +11.0 
+23. 75.1 | 16.5 
+865. 136.6} +14.0} 463 (41 
June 4 (Naval Observa- ll 36} —78 $20.5} +65.5 
+38. 76.5 | —17.0 404 
June 5 (Naval Observa- 11 10}. -68.5 317.0} 46.5 
tory). —55.5 | 330.0} 
—6. 19.0 | +13.0 
+50. 0 75.5 | —17.5 123 579 
June 6 (Naval Observa- ll 21) -78 294.1 | —18.5 
tory). —55. 317.1 | +6.0 j........ 
—42.5 | 329.6) —9.0 216 |«.-.- ape 
“+18. 0 30.1 | —10.0 
+65.0 77.1 | —17.5 |........ 780 
June 7 (Naval Observa-} 11 25] 68.5} 200.4 | 
tory). —~64.5 | 2044/ —18.5 
—40.5 | 318.4) +6.0 
| 330.4) —9.0 
+32.5 |} 31.4] —11.0 
+77.0 76.9 | —17.5 340 852 
June 8 (Harvard) 12 42 —50. 5 148 
—13. ¢ 330.5) 466 |........ 780 
June 9 (Naval Observa- 14 33 | -36.5| 294.2) —19.0 
tory). 12.5} 318.2) +6.5 
0.0} 330.7) —9.5 355 556 
June 10 (Naval Observa- 1 21 | —30.0 | 280.2 
319.7 
+13. 332. 2 
June 11 (Naval Observa- ll 21 +e 228.0 
tory). —75.0 } 231.0 
| 
+2. 5 
320. 0 
26. 331. 5 
June 12 (Naval Observa- ll 2 Se = 2 
—5.0 |: 287.7 4 
+1.0,) 293.7 
27.0} 319.7 
39.5 | 332.2 
June 13 (Naval Observa-| 11 30| ~82.0} 197.4 
ine Navel | 227.9 
— 48. 231.4 
+10. 289. 4 
+14.5 | 293.9 
+38.0} 317.4 
318.4 
54.0 | 333.4 
June 14 (Naval Observa-| 11 23 | —68.5 .7 
tory). 38.5 
—35.0 1.2 
+23. 0 
+28.0 | 204. 
52.5 | 318.7 
52.5 | 318.7 
0} 331.2 
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AEROLOGICAL OBSERVATIONS 
By L. T. 


Free-air temperature departures for the month were 
negative generally and of moderate magnitude at all levels 
observed at Due West, Ellendale, and Royal Center. 
(Table 1.) The mean 76m were practically 
normal at Broken Arrow and Groesbeck and above normal 
at Washington. 

Relative humidity departures were mostly negative 
except at Due West where large positive values occurred, 
at the 2,500 and 3,000 meter levels. 

apor pressures were’ mostly below normal with 
sitive departures in the upper levels at Due West, 
oyal Center, and Washington. It is significant to note 
that at Ellendale, where negative temperature departures 
occurred together with negative relative humidity de- 
artures an eos toate arge negative vapor pressure 
epartures up to the 1,000 meter level the total monthly 
precipitation was only 0.47 inch as compared to a normal 
of 4.59 inches. Also at Due West where an excess in the 
relative humidity and vapor pressures occurred with 
negative temperature departures, the total precipitation 
was 5.2 inches the highest amount for June, excepting 
one, since the establishment of the station in 1921. 
TaBLE 3.—Observations by means of kites, captive and limited hei, 


Pas Ellen- | Groes-| Royal Nagel 
’ 
Onin | 8.0. ‘Ter’ | ‘tna: 


Mean altitudes, (meters) M. 8, L * : 

2,601 | 2010} 2,532} 2,309] 2,763} 3,344 

Maximum altitude (meters), M. 8. , 

L., reached and date 1 4,363 | 24,1503 4, 448 | 14,715 | 44,965 | #6, 190 

Number of fights 25 17 a7 16 
0 days on W. fligh' 

wore 25 17 2% 25 16 
1 25th. 29th, 18th. ‘ad. 810th. 


The resultant winds for the month below the 1,000- 
meter level were variable, (Table 2.) At the 3,000-meter 
level the resultant direction was westerly at practically 
all stations except the extreme South, where it was easterly 
and the resultant velocities ranged from 8 m. p. 8. in the 
North to 1 m. p..s. in the South. At 5,000 meters the 


resultant air movement was mostly from the northwest. 
From the 20th to 24th, inclusive, the 7 a. m. balloon 
observation at Oakland, Calif., extended to 11 kilometers. 
From 5 kilometers to this level the resultant direction was 
slightly west of south and the velocity about 15 m. p. s. 


TaBLE 1.—Free-air temperatures, relative humidities, and vapor 
pressures during June, 1929 


TEMPERATURE (° C.) 


| Washing- 
Broken Ar-| Due West, | Ellendale, | Groesbeck, | Royal Cen-| ton, D. OC. 
row, Okla. 8. C. N. Dak. Tex. ter, Ind. | (Naval air 
(233 meters)|(217 meters)|(444 meters)|(141 meters)|(225 meters)| station) (7 
meters) 
Altitude 
m. 8.1. De- De- De- De- De- De- 
Mean) trom |Mean} from |Mean} trom |Me80) trom |Mean) from |Mean! pom 
nor- nor- nor- nor- nor- nor- 
mal mal mal mal mal mal 
Meters 
23.9) —1 23.4) —2.3) 18.2) —0.5| 23.3) —2. 21.4) —0.4) 23.2) —0.1 
21.8) —1.1) 20.9) —1.8] 17.7) —0. 22.3) —0.6; 18.6) —0.3) 16.8) 00 
1,000..... 20.1; 17.8) —1. 14,4) 20.7) +0.4) 15.1) —0.5) 17.9) +0.9 
1,500..... 17.6) +0.1) 14.3) —1.8) 18.7] +0.6) 121) —0.7) 15.3) +13 
2,000.....| 14.8) 0. 11,3} —1. 8.7) —1.1) 1571 —0.1) —L 1) 12.4) +13 
2,500..... 12.2; +0.2) 8.0) —1. —1.1) 13.0) —0.2) 64) —11) 411 
8.7); —0.3) 5.3) —1. 2.0| —2.1) 10.3) —0. 3.6) —1.2| 6.4) +106 
4,000.....)} 4.3) +1.5) —0.1) —0.6) —3.4 4.5) —0.5) —1.2) 27 beg! 
5,000. ---| 7 
| | | } 
RELATIVE HUMIDITY (%) 
Surface..| 75) +3) 7 —12 7 ait 
500....... + 7 58} —11 81; +3 67; 
1,000..... 6; 7 68} 54) 
1,500..... | +11 565 65, — 86) 
2,500..... —14 —12 59) 
3,000..... 4) — + 49) 49; 
4,000..... - - 53) +3 
| | | 
VAPOR PRESSURE (mb.) 
Surface. 22. 42|—0. 20. 89}—0. 03} 12. 14;—3. 15} 24. 76/-+-0. 15) 16. 74;—0. 58) 18. 69/—0. 49 
500_...... 19. 74;—0. 18. 18}—0, 23) 11. 78|—3,04| 21. 77|-+-0. 06) 54. 82-0. 06; 15. 30 
1,000..... 14. 68)—1. 86} 15. 28)}—0. 19) 9. 70;—2. 03] 15.33/—1. 71) 12. 10'—0. 39) 11. 73/—0. 63 
1,500..... 11. 22;—1. 13. 45}+-0. 49} 7. 83|—1. 11.17|—1. 60; 9. 57) 10. 26|+-0. 06 
2,000... ... 8. 26|—1. 75} 11, 06)+-0. 57; 6, 02;—1. 9.32}—0. 30) 8.08'+0.18) 8. 55)+-0. 10 
2,500. .... 5. 48/—1. 89) 10. 4.71\—1. 7. 25 6. 37|-+-0. 61) 6. 85}-+-0. 37 
3,000..... 4.14|—1. 44) 8.73)+1.99) 3.77|—1. 5. 20 4, 80)-+-0. 51) 5. 0210.08 
4,000..... 0. 34/—3. 33; 0.60|—2.85) 3.12\+0.01) 3. 19|—0. 80 3. 11}-+0. 98) 3. 13'+-0. 30 
5,000 | | 1. 72/40. 30 


Tasix 2.—Free-air resultant winds (meters per second) based on pilot-balloon observations made near 7 a. m. (E. 8. T.) during June, 1929 


Broken Artrow,|| . Burlington, Cc Due W Ellendale, Groesbeck, Jacksonville, West, Los A 
(233 meters) (132 meters) {| (1,868 meters) |} (217 meters) (444 meters) (141 meters) (65 meters) (11 meters) (40 meters) 
Altitude 
Vell. v Ve- Ve- Ve- Ve Ve 
Direo- | || Direc | || | || Direc: | || Direc- | || Direc Diree- Diree- Diree- 
tion ty. tion . tion tion tion | | tion tion tion tion 
Meters ° ° ° ° ° ° ° 
8 14W/5.518 422W /3.9 8 82 W 2.71'N45 W | 0.8 S 19 W | 7.0 8 37E L1 
8 33 W |) N88 W 4.7 8 W 746W 8 16W 16318 72W 13.9) 8 19) S BE NAW 1.0 
8 60W | 5.6) S 84W | 5.9 N85 W i3.6) N66W 8 8 3E 2.3 
8 74W 1/4818 7.01 8 87 W 89W 141) NOW (3.41 8 2.6) 5.6) S 8 | 26) N63W) 2.7 
W | 87 W | 6.9 || N88 W 7.7118 144) N88 W 16.218 33W 117) N8LW/) 5.8) S 8S 45E | LSE NSOW!] 32.9 
3,000... N49W | 5.0./) 8 8W N82W [72 401 N79W | 0.3) (6.31) S HE L4 NSW) 44 
N 52W 16.5 N80 W 11.7 || N73 W 13.3) N78 W /10.4 N19E | 3.4/8 89 W 8 72 W | 29 61 
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TaBLE 2.—Free-air resultant winds (meters per second) made near 7 a. m. (E. S. T.) during June, 


ontinued 


Medford, Memphis, New Orleans, Royal Center, ||Salt Lake City,|| San Francisco, Sault Ste. Washin: 
Oreg. enn. La. Ind, | U Calif,’ || Marie, Mich. || Sattle, Wash... 
(446 meters) (145 meters) (25 meters) (225 meters) || (1,280 meters) |} (60 meters) (198 meters) (34 meters) 
Altitude 
v v Ve Ve- Ve Ve- | ve ve 
Direc- | yoo. || Direc, | joe. || Direc- | || Diree- | || Diree- Diree- Diree- Direc- Direo- Direc, 
loe- loe- loc- loo- | loe- 
Meters ° ° ° ° ° ° ° ° ° o 
HE | LSI NSE (O59 S WE (091 8 DE WE |24)68 6E O04 0.648 N76W 0.3 
NOW/O7/8 BEBE 45W N17 -W | 2.6 63 1.6 || 8 2E 26 
8 76W /0.6||S 20E | 56W | 5.2 Ww N 13.518 NBWW) 3.2 
8 N68E | 7.5| N82W 51W/45/|N72W || N67 W S 59 W | 4714] N 65 $7 
8 80W | N38 W 2.8 25 (12.6 || N72 W N87 W N6OW S N47Ww 
8 50W |12.6|} N2W N14 3.0 N79 W j11.8 &W 8818 86 W | 7.7 N66 W | 7,2 
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WEATHER IN THE UNITED STATES 


THE WEATHER ELEMENTS 
By P. C. Day 


GENERAL SUMMARY 


June, 1929, was unmarked by important variations 
from normal summer weather, and, on the whole, was 
not physically uncomfortable, save in a few localities. 
It was generally favorable for the occupations of the 
season and conducive in the main to the favorable 
development of crops and the orderly progress of business. 


FRESSURE AND WINDS 


The pressure changes during the month were unusually 
slight from day to day and cyclonic storms that pre- 
served their identity sufficiently from to day to 
permit of charting on successive days were the exception. 

The month opened with rainy conditions existing 
during the preceding 24 hours over a considerable area 
in the southern Rocky Mountains and Great Plains 
region, some heavy rains having fallen in the lower 
Missouri Valley, and local heavy rains had occurred also 
at a few scattered points in Virginia, Florida, and Ala- 
bama. The following is local showers continued in 
the Missouri Valley, extending into the upper Mississippi 
Valley, with heavy falls at points in Iowa and southern 
Illinois. By the maraing of the 3d the main precipi- 
tation area had advanced to the south Atlantic coast 
with fairly well-defined cyclonic formation, attended by 
rather general and locally heavy precipitation over the 
Southeastern States, and showers still continued in 
portions of the central valleys. The rainy conditions 
in the Southeast passed off the coast by the morning of 
the 4th and fair weather prevailed over most districts 
for several days. 

At the mening observation of the 7th rain had set in 
over the middle Plains, becoming locally heavy in a few 
instances, and by the following morning rain had ex- 
tended into many eastern sections, becoming heavy 
locally in widely separated portions of the Mississippi 
and Ohio Valleys and Gulf States, the rains continuimg 
on the 9th in feb-neny of the Atlantic Coast States where, 
during the following 24 hours, there was some evidence 
of an increase in the cyclonic development as it passed 
northeastward up the coast, though without any extensive 
precipitation. 

By the morning of the 11th rainy conditions had over- 
spread portions of the northern districts from the Rocky 
Mountains to the upper Lakes, ——_ without important 
precipitation except in portions of the last-named region. 


During the following day the pressure continued low to 
the eastward and local thundershowers prevailed over 


extensive areas.in the upper Mississippi dake 
under- 


region, and northern drainage of the Ohio River, 

showers with high winds and destructive hail storms 
being reported from numerous points in lowa and por- 
tions of near-by States. This area of atmospheric dis- 
turbance continued during the ae re, day, becoming 
rather general over the Shio Valley with some heavy 
rains at points in Tennessee and near the lower Ohio 
River, showers continuing during the 14th over a rather 
extensive area from the upper Lakes southward to the 
middle Gulf coast, and to some extent over the Atlantic 
coast districts on the following day or two. 

The latter half of the second decade was without 
important precipitation, save that on the 19th showers 
were ss Ba from scattered points in the Southeastern 
States, locally in the Mississippi Valley and upper Lakes 
region, and in the far Northwest, and showers continued 
during the following day in the same or near-by areas. 

During the first half of the last decade precipitation was 
scattered and mostly light to eastward of the Rock 
Mountains and practically none occurred to the westward. 
On the 25th showers were fairly oe in the southern 
Plains and to eastward of the Mississippi River, heavy 
rains occurring in portions of the Gulf States, particularly 
in western Florida and southern Alabama and in Arkansas 
and near-by portions of Texas. Showers continued dur- 
ing the following day over the more eastern part of the 
rain area and in the district from the upper Lakes west- 
ward to the Rocky Mountains, though here the precipita- 
tion was mostly in the form of light showers. 

On the 27th showers 5 a ering in many portions of the 
Southeastern States and also in the near Northwest, the 
rains becoming light, however, in this area. During the 
following day the precipitation area extended eastward 
into the Great Lakes region and northern Ohio drainage 
with local heavy rains at points in Wisconsin and ,Michi- 
gan. and another rain area developed over the Gulf coast 

istrict, the combination of the two rain areas covering 
the more eastern portions of the entire country by the 
following 

At the close of the month the main agricultural areas 
of the country were not greatly in need of rain where it 
may usually be expected at that season of the year. 
While no great barometric depressions favored the occur- 
rence of high winds over extensive areas, yet local storms 
were numerous and occurred at some point east of the 
Rocky Mountains on practically every day of the month, 
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though few assumed the violence and destruction of 
tornadoes and the loss of life from this source was com- 
paratively light, though properhy damage was rather 
widespread, both from wind and hail. A list of the more 
important local storms with some of their details appears 
at the end of this section. 

The average sea-level pressure for June was mainly 
above normal in the interior and northern sections and 
below normal over most eastern districts’ and locally in 
the South and far Northwest. In Canada the average 
pressure appears to have been less than normal. 

The barometric change from the preceding month was 
everywhere negative and this applies to Canada as far as 
observations disclose. These changes were comparatively 
large in nearly all districts, ranging from 0.10 to 0.25 
ino in the central valleys and near-by Canadian sections. 


TEMPERATURE 


Moderate temperatures were the rule throughout the 
month; on only a few dates were the 24-hour changes in 
excess of 20° and these were confined to the more northern 
districts. 

The most important changes were on the 1st, from the 
upper Lakes eastward, when changes to cooler ranged up 
to 28° at points in Wisconsin, Michigan. and northern 
New York, and on the following day changes up to 20° 
or more were noted at points in the interior of the country 
from the Middle Plateau eastward to near the Atlantic 
coast. Rather important changes to cooler were noted on 
the 12th, when high pressure iadaated the upper Lake 
region, and temperature falls of more than 30° were 
reported from points in the northern portions of Wisconsin 
and Michigan. At no time, however, were the important 

icultural districts threatened with temperatures suffi- 
ciently low to endanger staple vegetation, except at the 
beginning when freezing temperatures were noted at 
oints in the Appalachian Mountains and also in the 
igher western mountains. 


The average temperatures for the period covering the 
4th to 11th were cooler than normal over the eastern half 
of the country and along the Pacific coast, and generall 
warm over the Rocky Mountain and near-by areas, thoug 
the excesses were not large. In the central eastern area 
the negative values ranged up to 9° and similar values 
were noted in the Great Valley of California. The period, 
11th to 18th, was mainly cool in the far West, particularly 
in the Plateau region. It was warm in the Northeast 
and somewhat warmer than normal over most Rocky 
Mountain districts, and only slightly variant from the 
normal in the Great Plains, central valleys, and South- 
east. The week ended June 25 had some cool weather 
during the early part in the far West and Northwest, 
and the week, as a whole, was cooler than normal from 
the central parts of Oregon and Washington eastward to 
the upper gem alley, the area covered by the 
upper Missouri Valley and North Dakota averaging from 
6° to 9° cooler than normal. Over other parts the averages 
were everywhere higher than normal and decidedly so 
at points in the central and coast districts of California 
and in the Northeastern States, where the positive depar- 
tures ranged up to as much as 9° to 12° per day. The 
last five days of the month continued unusually warm 
over most of the western half of the country, the period 
being particularly warm over the Plateau States and 
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eastern California. From the Rocky Mountains east- 
ward the period was cooler than normal, but the negative 
departures were not large. 

or the month, as a whole, the average temperatures 
were below normal by small amounts over most of the 
country, a small area in the Southwest, however, havin 
averages uniformly above the normal and _ scattere 
areas in many far-western sections had localities with 
temperatures above the normal for the month, and a 
wall area in the Northeastern States had temperatures 
likewise warmer than normal. In no extensive areas, 
however, were the temperatures more than 2° or 3° above 
or below the respective normals. 

The highest temperatures were recorded mainly durin 
the last decade, though in a few States they were recorde 
earlier. The maximum record for the month, 125°, oc- 
curred at a point in Arizona, but a temperature of 124° 
was recorded in the desert regions of California and 
maximum temperatures of 100° or above were recorded 
at some time during the month in most of the States. 

The lowest temperatures were generally recorded dur- 
ing the first decade and mainly in the early part. The 
minimum recorded, 7°, occurred at a point in the high 
mountains of Colorado, and temperatures below freezing 
were recorded in the elevated portions of practically all 
the western Mountain States and at exposed points in 
most States along the northern border. 

Although there were no sharp falls in temperature the 
minimum readings on the 3d and 4th reached unusually 
low points in a few places, notably at New York, where 
the reading of 44° was the lowest ever observed in June, 
while Raleigh, N. C., with 49° on the 4th, had the lowest 
so late in the season. 


PRECIPITATION 


The total precipitation for the month was not excessive 
to any great extent though in parts of California it was 
unusually heavy for the time of the year locally in some 
of the northern sections. Generally speaking, precipita- 
tion was above normal in the East Gulf and South Atlan- 
tic States, in the Ohio Valley, the middle Plains, and in 
most of the far-western districts. It was less than normal 
in the Southwest and also over the Northeastern States 
and in the area between the upper Lakes and the Rocky 
Mountains, the deficiency becoming rather large over 
Minnesota, the Dakotas, Iowa and Wisconsin. No 
severe drought existed during the month over extensive 
areas, though the absence of sufficient precipitation was 
being felt in portions of the spring-wheat belt as the 
month closed. 

SNOWFALL 


Traces of snow only were reported from a few northern 
mountain States, but a total fall of 14 inches was recorded 
at a point in Wyoming. 


RELATIVE HUMIDITY 


Viewing the country as a whole there was a deficiency 
in the percentages of humidity over many sections, this 
being particularly large in portions of the Dakotas and 
some near-by areas, and also in most of the Southwest 
and in parts of the Northeast. There were some excesses 
in the Southeastern States, in the upper Lake i in 

ifornia 


portions of the middle Plains, and locally in C 
and to the northward. 
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SEVERE LOCAL STORMS, JUNE, 1929 
[The table herewith contains such data as have been received concerning ousete local storms that occurred during the month. A more complete statement will appear in the Annual 


JUNE, 1929 


Report of the Chief of Bureau] 
Width | Loss; Value of 
Place Date Time of path, | of Jeomsy Character of storm Remarks Authority 
yards! | life estroyed 
Ross, Wyo. (near)...-..--- 620 p. Mi $4,000 | Hail and rain--__- Crops and roads Official, U. 8S. Weather Bu- 
reau. 
Great Falls, Mont., and 2,000 | Wind and rain....| Circus tent, chimneys, and signs blown down; Do. 
vicinity. 2 en ‘overh wires and windows dam- 
Center, Jud and Rule, 2|4p.m..... Opals 29,000 | Wind and hail....| A s killed livestock and poultry Do, 
and damaged crops. 
Ira and Dunn, Tex......--- 4. Severe Replanting of crops Do. 
and Rice Counties, 2 | 45 p.m... 880 110,000 | Tornado and hail_| Greatest property damage near Claflin; wheat Do. 
Kan damaged by hail over path 10 by 30 miles. 
Barber ‘County, Kans.....- 2) 5:15-5:45 50 30,000 Much farm property near Hartner damaged; Do. 
p. m. injury by hail over area 8 by 12 miles. 
Wichita, 2|6p.m...--. ‘Wind. Chief damage to airplanes at airport; additional Do, 
eo to oil rigs and buildings by tornadic 
winds 
Winters, Tex. .........---- Heavy hail.......- Heavy crop damage..........- Do. 
Lancaster, Tex........---.-- 3 | 5 p. m....- 1,000 | Tornado. Outbuildings and crops Do. 
Roswell, N. Heavy hail.......- Apples and cotton damaged about 60 per Do. 
cent. Path 12 miles. 
ui 
Fort Stockton, Tex. (near) - 5 | 6p. m..... 000 Orops buildings Do. 
Fountain, Colo.......-.-.-- 5 | 6:30-9:30 | 8-10 mi. |_____- 250,000 | Hail, wind, and | Extensive dam vim of various kinds; POeny, and Do. 
p. m. rain. livestock kil 3 persons inj 
Chillicothe, 6 | 6p. m_..-- Heavy hail_....... 10,000 acres of cotton destroyed, Do. 
Flag, Olton, and Running 6| 7p. m....- 5 mi. 2 240, 000 21 houses and many windmills and outbuildings Do. 
Water, Tex. demolished; livestock and poultry killed; 15 
persons injured. 
Plainview, Tex. ........-.. 6 | 7:30p.m-..| 2,640 100,000 | Extensive damage to crops and other property-- Do. 
Kalispell, Mont., and Damage chiefly to buil ; some plate-glass Do. 
vicinity. — broken; trees and telephone poles 
eve 
County, Va. Wind and hail_.._| Several buildings unroofed; crops injured......- Do, 
(northern). 
Detroit Lakes, 200,000 | Many homes and farm buildings partially or 
destroyed. Probably 3 separate 
torn 
Roswell, N Mex. (near). - - 1 dy BaP ga 1, 760 Heavy haii_..._... 50 per cent of cotton in path destroyed........... Do. 
Stead, N. Mex. (near)_..--- Tornadic wind....| Minor damage. Do. 
Minn., and vicin- Heavy Lights and windows broken; auto tops pierced Do. 
ity. and dented; several persons injured. 
Bruce aes to Minocqua, 10 | 6:30-7:30 67-267 |-.---- 250,000 | Tornado, hail and | Residences, business houses, and garages dam- Do. 
Wis p.m. rain. aged or wrecked; wire systems impaired; live- 
stock killed; timber ruined; 13 persons injured. 
Kingston, Minn. (near)...-- 2 250, 000 | Many farm buildings and homes partially or Do. 
totally demolished; crops beaten; path 20 
miles long; many persons injured. 
Beadle, Kingsbury, and 155, 000 | Severe property damage; damage by lightning Do. 
Lake Counties, 8. Dak. in Huron. 
Winneshiek County, Iowa. Minor property over path 3 miles long - Do. 
County, Wis. 1 10, 000 | Severe Buildings, silos and windmills damaged... Do. 
central). 
Kiowa County, Okla. 11 | 5-7 p.m...| 1-3 mi. |--.-.- 30,000 | Heavy hail_..--.-- Crops damaged, light to total; several houses Do. 
(southwestern). wrecked. Path 20 miles. 
South Dakota (southeast- 310, 000 | Hail and wind_._.| Extensive damage to crops, buildings and trees; Do. 
ern counties). m. tcoonene and telegraph companies suffer 
eavy loss. 
Rankin, Tex_............-- 11 | 6:40 p. m.- 440 76,000 1, Wind. ...- 223528. Much damage to water works, buildings and Do. 
crops; 1 person injured. 
Rawlin, Decatur, Norton, 11 | 6-10:30 p. 470, 000 | Heavy hail........ Wheat crops totally destroyed over wide area-. Do, 
Haskell, Washington m, 
Marshall, Russell’ and 
Lincoln Counties, Kans. 
Iiinois (northern) 1 36, 500 | Severe thunder- | A number of buildings struck by lightning; stock Do. 
storm and killed; telephone and electric light service im- 
paired _ several points; roofs and greenhouses 
amag 
Iowa (northern half) -_._... Te 1 | 1,500,000 | Wind, hail, and | Damage to crops enormous; considerable injury Do. 
, to property; area covered 25 counties. 
Centralia, Danville, 12 | 5:30-7:30 Wind and hail_.._.| Crops and buildings damaged; grain flattened; Do. 
mom and Mount Car- a. m, overhead wires rx ei down. 
ro. 
Harvey and Butler Coun- 12|6-7a.m...| 2mi. Much wheat destroyed; ens laid waste; Do. 
ties, Kans. other property damage. Path 32 miles. 
Marion, Ralls, and Monroe 12) A.m Farm buildings and 4 inapbocbents damaged, a few Do. 
Counties, Mo. wrecked; poultr 
Carl Junction, Mo. 2 mi. piste ass windows damaged; crops Do. 
y injured 
Halltown and Paris Springs, ER Sse 5 mi. Roofs and windows damaged; crops on a number Do. 
Mo. of farms ruined. 
Norton County, Kans_..... 13 | 4p. m..... Damage chiefly to wheat over path 10 long. Do, 
Pawnee County, Kans____. 13 | 5p. .| Much wheat a loss. Path 20 miles._... Do. 
Pratt County, Kans. 13 | 6:30-7:30 | 1-4 mi. Wheat damaged 20 to 50 per cent. Path Do. 
Grayson County, Ky_-...- Roofs and timber damaged.--...............-.-- Do. 
Jefferson County, Ky--..... Truck gardens, roofs and trees damaged.-...-_.-- Do. 
Licking County, Ohio-- -__- --| Telephone poles and trees prostrated; roofs Do. 
amaged. 
Philadelphia, Pa. (suburbs) Huge trees uprooted; windows broken; factory Do. 
damaged by lightning. 
Frederick, (near)... 14/5p.m Damage confined to Do, 
(Metro- 14 620-630 11,000 | Severe thunder- | A number of planes Do. 
politan Airpor m, 
Forsyth to Granville, N.C. 1, 760 |....-- 75,000 | Heavy hail_...._.. crops partly destroyed over Do. 
path 10 miles Jong. 
Monroe County to Sioux 16 | 3-5 p.m 750,000 | Wind, hail, and | Basements flooded; dwellings inundated; win- Do. 
County, Towa. flood. dows and roofs pierced; auto tops ruined. 
Salt Lake City to Ogden, 16 | P.m. Wind and hail_--.| 30 ammunition magazines demolished; poles and Do. 
Utah. wires blown down; crops severely damaged. 
16 |.... 25,000 | Cloudburst - Silk mill stock nearly ed; much by Do. 
washouts and landslides; traffic delayed. 


1 Mi. signifies miles instead of yards. 
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Severe local storms, June, 1929—-Continued 
Width | Loss| Value of 
Place Date Time of path, | of eens Character of storm Remarks Authority 
yards! | life troyed 
Monroe County, Wis------ 16, 18 $25, 000 | Heavy hail__.....- Damage chiefly to Official, U.S. Weather Bu- 
reau. 
Dickinson County, Kans-- 18 | 12:330a.m-.| 3-6 mi. |..--.- 150, 000 | Heavy hail___...-- Extensive crop damage over a 30-mile path - -___.. Do. 
Little and Pine 18 | 3:30 p. 15, 000 |-...- Onion and lettuce crops badly Do. 
n 
Geneva. "Nebr 18 | 8p. m..-.-- 3 mi. Loss of crops 25 per cent set i Path 20 miles __ Do. 
Louisville, Ky 000 An apartment house wrecked Do. 
Hillsboro, Wis. (near)....-- 18} Pi m..... 1,900 40,000 | Severe damage to houses, buildings, and Do. 
trees; lives killed. 
Prince Georges County, 1900 3-4 Heavy hail........ Fruits and tomatoes Do. 

Md. (northwestern) 

New Castle, Pa, (near) - ..-- hail and | Achurch badly damaged; cherry crop ruined - --- Do. 

nd, 
19 | 3-3:20p. m. Heavy hail........ Considerable fruit damage Do. 
near). 

Trumbull, 19 | 6:15 p.m 25, 000 j---.- Farm property and crops considerably damaged Do. 
ph area 25 miles square; poultry and pigs 

Oxford, 19 | 6:30 p. 008 Crops and windows damaged. Path 12 miles...- Do. 

Nebraska Ghisieamatay. wa 19 | 7:30-9:30 20 mi. 2| 2,000,000 Wind and hail____| Many farm buildings wrecked or damaged; trees Do. 

p.m. uprooted; crops devastated; poultry killed; 

wind tornadic in places. Path 60 miles. 

Marshall County, Kans- 18 10,000 | Damage chiefly to power and telephone lines Do. 
and small buildings. 

Fa........-..... 19.) 10,000 Hail wind barn and contents destroyed; crops injured... Do. 
Ph. as to Kingston, 19 |_..do 2,000 | Tornadic wind._..| House moved on foundation; small trees broken; Do. 

Mo. windmills wrecked. 

Saline and Ottawa Coun-| 19-20 15 mi, |...... 45,000 | Wind. _......._.. i — to buildings and wires. Path 20 Do. 
es, Kans. 
Dickinson County, Kans-.. 20 | 2am......| 2 mi. 5, 000 do. LA ane ‘building and residences damaged; wire Do, 
communication interrupted. 
Cooma Okla., and 20 | 5:30-6p.m.| 10 mi. |.-.... 75, 000 | Hail and wind_...| Damage almost entirely to crops...............- Do, 

vie 

Fort Cobb, Okla..........- 20 | 6p. m..__- 1-3 mi. |-.....| 25, 000 |-.--- Character of damage not reported Do, 

Harrisburg, Pa. (near) 20; Pim 10, 00 Thunderstorm, buildings struck by lig lightning, 1 totally Do, 

estroy 
Snyder County, 20 10, 000 bet and thun- | A barn and livestock killed_............ Do. 
rstorm. 

Johnstown, Pa..........-.. Hai) and Several bridges washed away; heavy crop dam- Do, 
age. 

Wakefield, Nebr........... 30 p.m..|  4mi; 76, Extensive crop dam: windows broken; poul- Do. 

Saunders Nebr...- 21 | 7:31 p. m.. 25, 000 .| Crops damaged - - 0. 
Ashland, Nebr...........-- 21 | 8: _.| 10 mi. 100,000 | Wind.-........... Many farm buildings damaged; crops injured; Do. 
ae trees uprooted. Path 10 miles. 
Weeping Water, Nebr...... 21 | 9-9:31 26,0007 Considerable crop damag: Do. 
p.m. 

Doniphan County, 21 | 11:30 p. m._|_. 4 Heavy hail........ Heavy crop damage........... Do, 

Take 21 do. 3, 000 ind. Small frame cottages wrecked; others moved Do, 
from foundations; several persons injured. 

Morrill, Kans. (near)....... 22|2-5a.m...|  2mi., |...... 20,000 | Hail Crops injured over path 5 miles long-.........-. Do. 

Brown, Doniphan, and 22 | 5:330a.m-_.| 1-8 mi. 2 220,000 | Heavy hail........ Extensive crop damage... Do. 

Atchison Counties, Kans. 

Topeka, Kans 22 | 8:33 a.m ee Nn SE Small tornado.....| Minor damage to shade trees..............-..-.- Do. 
Buchanan County, Mo...- 22 |... Hail and rain. ___-. Heavy loss to crops, bridges, etc., fruit trees Do, 
| crops ; many homes flooded. Di 

Indi: 4 ngar destro other propert 0. 

County, Pa, (cen- 23 | 2:30 p. m by andalides. y 
Flemming, Colo..........-. 6 mi. 300,000 | Hail, wind, and | Extensive crop and property Do. 
Peetz, Colo. 93 | 4:30 p.m..| 2-3 mi 25, 000 |... Wheat and barley crops damaged Do. 
Cheyenne County, Nebr... 23 | 6p. 9,000 | damage to crops in pisces. Path 10 Do. 
Angola 10,000 | Wind squall__..... 2 barns wrecked; orchards damaged; telephone Do, 
wires blown down. 
Mifflin, Pa 23 | P. Cloudburst and | Concrete dam Do. 
Centerville N. Mex, (near).| 9-0:30p.m.| 10 mi. | ____. 7,500 | Heavy Crops Do. 
Burwell, 25 | 3p, m...-- 000 Crops, trees, gardens, and fruits Do. 
County, Nebr. 26 | 6:30-7p.m.| mi. |.____- 60, 000 Crops injured; Ppulldings Path 17 miles. 
northern 
Shelby, Nebr 26 | 7p. m..... 10, 000 |.---- confined to crops and gardens. Path Do. 
Grant, Green 25, 000 |-...- and growing crops damaged. Path Do. 
and Rock Counties, Wis. 5 miles 
Noble, Steuben and. La- 27|P.m fie 100,000 | Wind......-......| Character of damage not prperted oe Do, 
grange Counties. 
Branch, H 66 hist ines Aba Lees 75,000 | High winds and a | Many buildings wrecked; tarm bor homes 2 and barns Do. 

Lenawee Counties, Mich. 0. Danmiy or less tornado in Branch 
Farmington, Pa_...........| 28 8:15 a. m.. 25,000 | Brery hous in wrecked or damaged; 3 Do. 
Cheyenne County, Kans... 28 | 6-7 p.m 25, 000 Heavy hal Do. 
Kane County, Pa........-- . As 150,000 | Wind and ....| Several houses unroofed; small buildings demol- Do. 

many telephone poles and trees blown 
own. 

Fayette County, Iowa. ---- 28 11,000 | Hail and wind....| Crops damaged................-..--.-.--.------ Do. 
San Antonio, (vicinity 23 | P.m 000 | Corn and cane flattened; poles, wires, trees, Do. 

of). signs, and light buildings blown down. 
Paes, Tex... 29 | Sp. m. 2,000 Roofs and plate glass damaged Do. 
Lake, Wis. (near)... |....do....- 12,000 | Small tornado.....| Character of damage not reported .............-- Do.’ 

County, 29 | 7p. m..... 440 10, 000 | Severe squall__.__. Farm property damaged - Do. 

n 
Vermillion County, Ill_.... 30 | 5:30 p. m__| 44-8 mi 25,000 | Wind...........-- Barns blown down; trees and roofs damaged; Do. 
some injury to crops. 

and ashburn 30 | 7:30 p. m Crops damaged Do. 


* Includes damage in Doniphan County, Kans., on the 2ist. 
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RIVERS AND FLOODS [All dates in June unless otherwise specified] 
By R. E. Spencer Above flood 
a a Losses in the Colorado, Guadalupe, and Nueces River River and station poy 
ea floods, which had not been determined in time for inclu- From—| To— | 8 Date 
. sion with the discussion of the central and east Texas 
floods of late May in the Review for that month, are ATLANTIC DRAINAGE 
reported as follows: — Feet Feet 
ay 6. 
Re 6 12 16 2| 127\19. 
River 9) Mar 10. 
A ar. 
Ferguson, 8. 12 14 15| 120 | 14-45. 
12.7 | 30. 
$143, 000 Jamestown, 8. 2} 13 | 17.4] 
Wabash: Covington, Ind 16 13 “| 
issippi: 
Losses for March, April, and May in the Cairo, 7| 
district, in addition to those already published for the Chester, 4 
flood of the lower Tennessee River in March, and which New Madrid, @ 4| 41.3 | May 109,20, 
a 
EVIEW, are estimated at $1,110,950, distributed as me | 
follows: Greenville, 42 21) May 20- 
une 
Teele $143, 050 Vicksburg, 45 29) 55.2 6-7. ( 
p 
Prospective crops---.----------..-------------+---- 802, 000 Baton Rouge, La................ 35 (i 43.5 | 10-13. 
Livestock and other movable property - ------------- 34, 100 Donaldsonville, La.- 2 : a6 10. 
Suspension of business - - 120, 900 Orleans, 17 20.019." 
. 
During June, floods of some importance occurred in Peary or | 21:3 | Abr. 20-00 
the lower Missouri River and in the Grand River of Francis: 
Missouri, the latter having been exceptionally high. Marked Tree, Atks.-] =o] @® 2| 17.5| May 2-2 
In the Missouri flood the losses amounted to $265,000, Missouri: . ne 
$212,000 of which was in crops, and prac- City, Mo, 23 223 | 2. 
tically all occurred above Waverly, Mo. In the same Waverly, Mo...........22:+.-. 23 23 25| 242 | 24. ; 
area a saving of $40,000 was accomplished through the Boonville, 21 
flood warnings. At and below Waverly and along the Mermnan, Me a 26 26 | 21.6 | 26. ; 
Grand River, crops had been ruined by the earlier rises St. Charles, Mo.........-.------ 25 25 28| 26.5 | 26-27 : 
i i i i Smoky Hill: Mentor, Kans.......-- 22 4 4| 2201/4. 
of this spring, and the this month Solomon: 18 9| 26519. I 
in the prevention of planting by the wet ground. Some Grand: 
railroad losses occurred in the Grand Basin. 1 82.1 
The Illinois River flood, a rapid but not particularly Brunswick, Mo..........------- taf) <3 26| 13.1 | 25. ¥ 
high rise following excessive rains on the 14th-15th, was Grand, Thompsons Fork: Trenton, | = ob ca “ 
without important consequence beyond the usual incon- Arkansas: Yancopin, Og) d 
venience and a further delay in crop planting. 
A l f $15,000 d in the Sol Ri Georgetown, Ark_.......-..----- 22 8 12| 26.3 | May 17-18. 
crop 1088 0 occurre e omon iver Clarendon, Ark................. 30 2) 31.3 | May 24-25. 
Basin; and considerable inconvenience was experienced 
in other localities in Kansas from overflows from small Corning, 11 17 
streams—Big Stranger Creek particularly. In general Gity, 25| 20.7) May. in 
these latter floods were the consequences of heavy local Atchafalaya: | 
rains and were of short duration. A saving of $5,000 42.2 | 9-16. 
worth of property was accomplished in Kansas through Ww 
Weather Bureau flood warnings. th 
om Excepting that in the lower Mississippi, other floods in Logansport, La. .........------- 25 10 12| 25.2 | 10-11. gr 
Bon Wier, 20 2 20. 2 
3. June were unimportant. Report on the lower Mississippi Orange, Tex.... 22222222 4 2 4.3| 4. wi 
ee flood will appear in the July issue of this Review. 1 Continued at end of month. 2 Continued from last month. fa 
tic 
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Above flood 
stages—dates Crest 
Flood 
River and station stage 
From— {| To— | Stage Date 
Neches: 
22 6 26.8 | 1. 
Beaumont, Tex...........-...-. 7 13 13.4 | 2. 
Trinity: 
25 2) 7 34.5 | May 17. 
28 39.6 | May 22. 
40 12 45.2 | 3. 
Riversias, 40 4 46.21 1. 
Liberty, 24 22| 23.3/2 
S: 
Washington, Tex_.............. 45 5 61.0 | 1. 
Hempstead, 40 | May 31 5 43.8 | 2. 
4 6 12 7.4 | 10. 
Columbus, Tex...-...... 23 (2) 3 38.0 | 1. 
pe: 
Nueces: Three Rivers, Tex_......... 4 42.0 | May 31. 
Rio Grande: San Marcial, N. Mex... 3 4 4.2 | May 23-25. 
PACIFIC DRAINAGE 
Colorado: 
Fruita, Colo. are 12 3 12 13.2 | 4. 
7 () 11.9 | 2. 
Colorado, Roaring Fork: Carbon- 2 12 6.1 | 9. 
dale, Colo. * 5 14 15 5.4} 15. 
20 24 5.2 | 21-22. 
1, 
Columbia: 
24 6 27 27.8 | 17. 
Vancouver, Wash.............-. 15 12 26 17.7 | 20. 
1 Continued at end of month. ? Continued from !ast month. 


THE EFFECT OF WEATHER ON CROPS AND FARMING 
OPERATIONS, JUNE, 1929 


By W. A. Martice 


General summary.—During the first decade continued 
cool weather retarded the growth of warm-weather cro 
east of the Mississippi River, but there was a favorable 
warming up toward the close of the period. The weather 
was mostly favorable in the South, while in the west Gulf 
area farm work and crops advanced satisfactorily under 
beneficial conditions. In some interior sections the soil 
continued too wet to work, but in the northern Great 
Plains the weather favored agricultural interests; rain 
was needed in an extensive area of the North from north- 
eastern Iowa and Wisconsin eastward. In the far North- 
west local showers or generous rains were helpful, espe- 
cially for the grain crops, but there was considerable 
damage to cherries and mown hay in northern California 
while moisture was needed badly in the Great Basin and 
much of New Mexico. 

_ During the second decade further rains in some per- 
sistently wet sections were detrimental, but the weather 
in general was largely favorable for agricultural interests. 
Showers were helpful in the Lake region, while in the 
South temperature conditions were beneficial and ideal 
weather for ripening grains and for harvest prevailed in 
the Southwest. In the central and northern Great Plains 
growth was rapid, but it continued dry in the far South- 
west, while rains were helpful in the Great Basin and the 
far Northwest. 

During the last decade droughty conditions were 
relieved in the Northeast but night temperatures were 
rather too cool for best growth of warm-weather vegeta- 
tion from the Ohio Valley northward, otherwise warmth 
Was sufficient and crops made satisfactory advance. 

‘Imely and beneficial rains occurred in the upper Missis- 
sippi Valley, but drought prevailed and rainfall was badly 
needed in a rather extensive area of the Northwest, 
including the principal spring-wheat sections, where grains 
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were heading short; rain was also needed in the far 
Southwest. 

Small grains.—During the first decade winter wheat 
showed improvement in the Ohio Valley, with the general 
condition good to excellent; the crop was heading in 
many parts and some ripening was reported. In the 
trans-Mississippi States oak did well and in the Great 
Plains satisfactory advance was made; progress and con- 
dition were mostly fair to good, except that poor con- 
dition was indicated over large areas of Oklahoma and 
there was some rust and lodging in Kansas. Favorable 
conditions prevailed elsewhere. During the second 
decade winter wheat heading became general in the Ohio 
Valley and harvest had begun in the lower valley dis- 
tricts. Very good to excellent conditions prevailed in the 
Great Plains, with the crop heading in South Dakota; 


_ ideal harvest weather prevailed in most of the Southwest, 


with rapid advance in this work. During the last 
decade conditions were mostly favorable for harvesting 
wheat in the Ohio Valley, with this work general to the 
central portions; the crop was turning in lowa, while 
harvest was rather*general in the south-central Great 
Plains and in the Southwest under mostly favorable 
conditions. 

Spring wheat made good advance generally during 
the first two decades, except for some local dryness, but 
toward the close of the month, droughty conditions 
prevailed in much of the northern belt, with deterioration 
noted in many parts, especially in Montana where the 
crop was backward and burning locally. Oats did well 
generally, except in the Ohio Valley and some central 
sections, where they were heading on short straw. Other 
small grains mostly did well except toward the close of 
the month rain was needed in the northern Great Plains. 

Corn.—During the first decade conditions were fairly 
favorable for field work in the Corn Belt, except that in 
some persistently wet sections soggy fields prevented 
active operations with considerable corn not yet planted. 
Elsewhere planting was largely completed, but in the 
eastern part of the belt cool weather was unfavorable for 
germination. In Iowa progress and condition were 
generally fair, but the crop was very irregular, while 
conditions were mostly favorable in the Plains States. 
During the second decade further rains were detrimental 
in preventing completion of planting in the central belt, 
but in the upper Ohio Valley rains and warm weather 
were bdnetielat and in the western half of the belt con- 
ditions were largely favorable. Progress and condition 
were still mostly fair in Iowa, while in the Plains the 
period was again favorable. During the last decade the 
crop continued generally late and very uneven, especially 
in Iowa, where it ranged from shoulder high to a few 
inches tall. It was rather cool for best growth, but 
advance was generally favored, while in Iowa rains were 
beneficial and progress was very good to excellent; 
growth was satisfactory elsewhere. 

Ootton—During the first decade there was some 
interruption to field work in the Atlantic States and 
general coolness east of the Mississippi River retarded 

owth, but the general progress of cotton was fair to 
airly good, with squares and blooms increasing rapidly in 
southern parts and local bloom to South Carolina. The 
weather was mostly favorable in Arkansas and Louisiana, 
while moderate warmth and much sunshine permitted 
resumption of cultivation and chopping in Texas, where 

wth was good, but in Oklahoma it continued too wet 

in the central and eastern portions, where progress was 
_ to only fair, but good advance was noted elsewhere. 
uring the second decade good growth was possible in 
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the Atlantic States and fields were clean and well culti- 
vated, but in the central Gulf area it was rather too cool 
for best growth, although good progress was made. 
Conditions were generally favorable in Tennessee, 
Arkansas, and Louisiana, with good to excellent growth 
noted, while in Oklahoma adequate warmth and sunshine 
were very helpful, although there were still reports of 
grass and weeds in the east. General condition was 
spotted in Texas, but growth was very good under favor- 
able weather and squares were forming to central parts, 
while a small amount of cotton was marketed in the South. 

During the last decade there was too much rain in most 
sections of the Atlantic States, which hindered cultiva- 
tion and favored increased weevil activity and there were 
complaints of fields becoming weedy and plants not 
fruiting well. In the central Gulf area progress was fair 
to excellent, but there was too frequent rain locally, 
although some States had dry, sunny weather, which was 
excellent for growth and checking weevil. The weather 
was also mostly favorable in Oklahoma and Texas, with 
picking progressing in southern Texas. 
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excellent condition in 
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Miscellaneous crops.—Ranges, pastures, and meadows 
did well in most sections east of the Rocky Mountains, 
except for some local dryness in the Lake region and 
rather extensive need of moisture in the northern Great 
Plains. Local areas west of the Rockies also needed a 
replenishment of water supplies, but range feed still 
appeared ample and livestock were mostly thriving. 
Sheep shearing had been completed in many parts by the 
close of the month. 

Potatoes made satisfactory advance and truck crops 
were largely in good condition, except that cool nights 
retarded growth locally. Tobacco curing became general 
in the Southeast and growth and cultivation were satis- 
factory in Kentucky at the close of the month. Sugar 
beets continued to do well throughout the month, while 
sugar cane was thriving generally. Citrus groves were 
lorida, with the fruit holding 
well, and oranges were excellent jn California. 


WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


June, 1929, lived up to its reputation as being one of the 
quietest months of the year over the North Atlantic, and 
gales were not observed in more than four days in any 5° 
square, the maximum me in the square between the 
forty-fifth and fiftieth parallels and twenty-fifth and 
thirtieth meridians. About the only unusual feature was 
a tropical disturbance during the latter part of the month; 
that will be referred to later. As shown by Table 1, there 
were no unusually large departures, and the pressure dis- 
tribution, as a whole, did not differ greatly from the 
normal. 

Fog was unusually prevalent over the greater part of 
the ocean and was reported on from 17 to 21 days be- 
tween the fortieth and forty-fifth parallels, west of the 
forty-fifth meridian. Fog was also observed from 8 to 12 
days over the middle and eastern sections of the steamer 
lanes, from 3 to 5 days along the European coast, and on 
9 days along the American coast, between Hatteras and 


New York. 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 


sure at sea level, 8 a. m. (seventy-fifth meridian). North Atlantic 
Ocean, June, 1929 
| D High Lo 
age | Depar- w- 
Stations pres- | ture | est. | Date | | Date 

sure | 

Inches Inch | Inches Inches 
Julianehaab, 29.90, (3) 30.20 | 2ist 29.64 | 9th. 
Belle Isle, 29.86 3+0.02 30.26 | 6th?__..| 29.38 | 18th. 
Halifax, Nova Scotia............. 29.94 | 4—0.03 | 30.24 | 23d_.....| 29.60 | Ist.? 
29.94 4—0.06 30.12 _ 29.58 | 29th. 
29.98 4—0.04 30.20) 17th..... 29. 66 | 10th. 
29.97 |4—0.02| 30.12/ 14th... 29. 84 | 10th. 
Now 29.96 | 4—0.04 30.16 | 3ist..__- 29.82 | 2d. 
Cape Gracias, Nicaragua---...... 29.88 ?—0.04 | 29.96 | 13th... 29.82 | 11th.? 
30.09 |4+0.06 | 30.16 | 13th? 30.00 | 4th.2 
30.19 4+0.06 30.42 | 29.90 | 3d. 
30.17 %—0.04 30.46 | 29.76 | 27th. 
Lerwick, Shetland 29.83 |$+0.03 | 30.21 | 28th... 29.34 | 6th. 
Valencia, 30.03 %+0.03 | 30.60 | 2ist.._.. 29.46 | 6th, 
30.02 *+0.09 | 30.46 | 2ist..___ 29.41 | 6th. 


1 No normal available. 

2 And on other date or dates. 

* From normals shown on Hydrographic Office Pilot Chart, based on observations 
at Greenwich mean noon, or 7 a. m. seventy-fifth meridian. 

‘ From normals based on 8 a. m. observations. 


On May 30 and 31 a well-developed disturbance was 
central near 45° N., 35° W. This tow moved slowly 
toward the NNE., decreasing in intensity, and on June 
1 the center was near 50° N., 31° W., with moderate 
easterly and southerly gales in the northern and eastern 
quadrants, respectively. On the Ist the station at 
Horta, Azores, reported a southerly wind, force 8, and 
vessels in the vicinity encountered southwesterly to 
southerly winds, force 6 to 7. 

From the 2d to 7th the conditions over the ocean 
were, as a rule, comparatively featureless, with moderate 
winds = erg except that on the 3d a slight depres- 
sion of limited extent was in the vicinity of the Ber- 
mudas, and on the 4th northeast winds of force 7 to 8 
were reported off the American coast between Jack- 
sonville and Charleston, while on the 5th southerly to 
southwesterly winds of force 7 were encountered over a 
os area in the middle section of the southern steamer 
anes. 

On the 10th a moderate Low was central about 200 
miles east of Halifax, and on the 11th was about the 
same distance east of Nantucket. On the 10th and 11th 
there was also a disturbance near the fiftieth parallel 
between the twentieth and thirty-fifth meridians. 

Charts VIII to XI show the conditions from the 12th 
to 15th, inclusive, and give an idea of the weather 
encountered by the airplane Yellow Bird, that took off 
from Old Orchard Beach on the morning of the 13th, 
and landed on the beach near Santandar, Spain, late in 
the afternoon of the 14th. . 

From the 16th to 24th there ensued another period 
of comparatively favorable weather and slight pressure 
gradients over the ocean as a whole, although on the 
19th Belle Isle, Newfoundland, reported a northerly 
oe force 9, with rain, and barometer reading of 29.46 
inches. 

On the 25th there appeared in the middle section of 
the Gulf of Mexico the first tropical disturbance of the 
season. This was of limited extent and for the most 
part, of comparatively slight intensity, as it moved 
slowly westward, being on the 28th central near Browns- 
ville, Tex. Up to the time of writing the American 
steamships Trinidadian and Gulfoil were the only vessels 
to render regular storm reports relating to this disturb- 
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weather only. 


American steamshi 


However Capt. 


wind in squalls at 80 miles an hour. 
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ance. Vessels near by apparently encountered moderate 
C. V. Nissen of the 
Mexoil, from New Orleans to 
Tampico, forwarded a special report in which he states 
that on June 27, 9 p. m., in 25° 18’ N., 93° 46’ W. he 
encountered this storm, and estimated the strength of 
The lowest barom-. 
eter was 29.56 (uncorrected) at 2 a. m. on the 28th, 
wind SE., 8 to 10, heavy rain squalls, wind of hurricane 
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On the 26th a moderate depression was over the 
middle section of the steamer lanes; this moved rapidly 
eastward, and on the 27th was central near 46° N., 
25° W. On the 27th there was also a depression over 
Newfoundland and moderate southerly gales prevailed 
between the Bermudas and fortieth parallel. 

For the remainder of the month moderate weather was 
the rule over the ocean as a whole, although a few vessels 
in widely scattered localities reported winds of force 


force. End of gale, 8 a. m. on the 28th, wind S., 6. 7 and 8. 
Sea moderating. 
OCEAN GALES AND STORMS, JUNE, 1929 
Position at time of Direc- | Direction | Direc- 
Voyage lowest barometer Time of — tion of | and force | tionof | Highest | nists of wind 
Gale wind | ofwind | wind | force of Cre 
Vessel lowest | ended | 52 | wh at time of | when ind and |, Dear time of 
barometer rom- pcm lowest barometer 
From— To— Latitude | Longitude eter | began | barometer | ended 
NORTH ATLANTIC 
OCEAN , Inches 
Saguache, Am. 8. 8 New York... Copenhagen -| 53 06 N | 3111 W June 1..._- June 28.87 | ENE..| ENE, 7...| 9........ ENE-E. 
Examelia, Am. S. S_.....| Mediterrane- | New York...) 39 27 N | 25 52 W —, 30.00 | SSW...) SSW, SSW, 
an. 
Cornelia, Am. 8. S__....| New York-_--| Porto Rico...) 32 20 N | 70 40 W 29. 66 | S......- SsW...| 8, 8....... 8-SSW 
New York City, Br. 8. Fowey, Eng- | P ortiand, 51 20 N | 3115 W a, 10...-- 29.39 | SSW...| WSW, 7..| NNW_| —, 9...___- 
and, e. 
Exhibitor, Am. 8. S_-.-- Marseille... Boston......- 41 35 N | 51 20 W Noon, 12_.} 12...... 29.78 | SW_...| WSW, 7__| WNW_| WNW, 8..| WSW-W. 
County, Am. | Rotterdam...| New York...) 48 48 N | 17 15 W Noon, 12..} 14...... 29.82 | SW....) SW, 8..... SW....| WSW, 9__| W-SW. 
Miinchen, Ger. 8. S.....| New York... Southamp- 48 56 N | 18 33 W —, 29.65 | WSW..| W, 10....- W, 10..... W-NNW 
on. 
Castle, Br. | Galveston....} Havre.......- 41 01 N | 36 30 W 4a, 15..... 29.96 | SW....| NNE, 6...; NNE_-| NE, 
Trinidadian, Am. S. S...| Tampa......- Port Arthur__| 28 16 N | 88 03 W 11 p., 24...| 25.....- 29.92 | S_...... 8, 9.......| Steady. 
Bird City, Am, 8. S__..- New York.__| Copenhagen -_| 46 16 N | 41 23 W 4D» 29.66 | W_...-- NNW NNW, 8..| NNW-E 
Wm. @. Warden, Am. | Montreal__..- Co 38 N | 62 18 W oon, 26..| 27....-- 30.01 | SW...-| SW, SW....| SW, 8.-... Steady. 
Gulfoil, Am, S. S.....--- Port Arthur_.| Philadelphia.| 29 24 N | 93 28 W 29.93 | SE..... SE, 8.....- Do. 
NORTH PACIFIC 
OCEAN 
Corinto, Am. 8. 8__...-- San Francisco] Cristobal.....| 1622.N | 9946 W 29.52 | NW....| W, WSW, 10..| NW-W-SW 
Mojave, Am. 8, 8___--.- San Pedro....| Nagasaki__-.- 3058 N | 14102 E 4D, 20. 45.1 8.....-- SSW, 11...| SW_...| SSW, 11...| SSE-SW. 
Havana Maru, Jap. &. Yokohama-.--| 3330 N | 14200 E 43 NE, NNE, 10_.| ENE-NE-N 
Wisconsin, Am, 8. 8_...- Hong Kong-_-| San Francisco} 3030 N | 13250 E Py 29.51 | SSE... SSE, 7....| SSW_.-.| SSW, 9_...| SSE-SSW 
Ayaha Maru, Jap. 8. S_.| Yokohama---| Victoria... 39 28 N | 148.00 EB 10 p, 6...-- 29.10 | NE, 8...| NNW -_| ENE, 8_--| 6 points. 
Golden Star, Am. S. S_..| San Francisco| 4926 N | 17836 W 29. WSW..| NW, 7..-.| SSW-_-- 
Clydefield, Br. M. S_....| San Pedro_...| North China_| 3515 N | 15945 E 29.82 | SSW_..| W, 8__---- SW-W-NW. 
Manoa, Am. 8. S.....-..] San Francisco} Honolulu...-| 3734 N | 12318 W 4p, 30.02 | NNW N, 8...---- N-NNW. 
Silverguava, Br. M. Yokohama.-.-.} 4130 | 13220 W 196, 29. 67.| SSW...) SSW, 6....| W_.--- 
Victorious, Am. 8. 8.....] Honolulu_._.| 1408 N | 10320 W 4 p, 29.66 | NNE_.| E, EB, 10. 
City of Victoria, Can. | Tsugaru Sts..| San Francisco| 4222 N | 15300 E 2p, 19....- 29.02 | SE..... S62, 7...-| W....- SSE, 8....| SE-S-WSW 
Boren, Swed. 8. 8_...... 4421 N | 14044 E Noon, 22_.} 22...... 29.92 | SSE, 8....| S....... SE, 9._.-- ESE-S, 
Grays Harbor, Am. 8. S_} Puget Sound_| Yokohama-.-..| 4215 N | 14930 E 29.17 | ESE... ssw, 8-SSW-SW. 
SOUTH PACIFIC 
OCEAN 
Maunganui, Br. S....| New Zealand_| ney,| 36028 | 15430 E 4D, Me 29.46 | W....-- SSW, 8....| SSW.-.| SW, 9..... §-SSW-SW. 
SOUTH ATLANTIC +8. W. 
OCEAN 
Nevada, Dan. S. 8____.- Rotterdam...| Buenos Aires.| 3430S | 5312 W 8 p, 29.00 | SSE, 9....| SSW_..| SW, 10..._| E-SSE-SW. 
Vandyck, Br. 8. New York__.| Montevideo..| 28418 | 4724 W 29.93 | SW__-. SSW...]| W, 9_.--.- 


NORTH PACIFIC OCEAN 


By Wiis E. Hurp 

The conditions of atmospheric pressure in June had 
changed but little from those prevailing in May, except 
that as a rule the average b. 
somewhat lower over the eastern part of the ocean, 
St. Paul, in the Bering Sea, being the only 
among those given in Table 1, with pressure higher than 
in the preceding month. The Aleutian cyclone was well 
developed for the season; it was centered in its fluctua- 
tions principally near or south of Dutch Harbor, though 


arometric readings were 


on several days it lay over the Gulf of Alaska. 


few days of the month, during incursions southward 
from the gulf, it affected the weather along the Washing- 
ton, Oregon, and upper California coasts, causing a few 


moderate to fresh gales in the vicinity. 


Owing to the persistence of the Pacific-California nen, 
e anticyclonic weather prevailed along the greater part 
of the steamer routes between the United States and the 
Hawaiian Islands, except east of the one hundred and 


thirty-fifth meridian, where fog was frequent. 


station, 


Barometric data for several island and mainland coast 
— in west longitudes are given in the following 
cable: 


TABLE i.—Averages, departures, and extremes of atmospheric 
pressure at sea level at indicated hours, North Pacific Ocean and 
adjacent waters, June, 1929 


Lo 
age 
Stations pres- | from est Date est Daie 
sure | normal 
Inches | Inch | Inches |" Inches 
Dutch Harbor 29.65 | —0.34 29.96 | 20th.....| 29.06 | 9th 
Ot: 29.81 | —0.08 | 30.18 | 29th.....| 29.34 | 9th 
odiak ? 29.81 | —0.13 | 30.46 | 2d_....-. 29, 32 | 12th 
30.32 | 20th.....| 29.86 | 2d 
30.14 | 10th..__. 29.90 | 2ist 
30. 35 29.32 | 15th 
30.49 | 19th... . 38 |} 15th 
30.22 | 18th.....| 29.70 | 23d 
30.08 | 9th... 29.75 | 27th 
1 Data insufficient to use. 4 For 25 of 
2 P. m. observations only. 5 A. m. and p. m. observations. 
§ For 23 days. 6 Corrected to 24-hour mean, 
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Gale weather moderated over the Norih Pacific to only 
a slight extent during June, as compared with that of 
May, although gales were scattered and few exceeded 
force 9. Such as were of force 8 and upward were re- 
ported on 13 days. The region of most frequent stormi- 
ness lay east and south of Japan, where numerous de- 
pressions and cyclones from both tropical oceanic and 
middle and upper continental sources occurred. Other 
gales were reported from the west coasts of Mexico and 
the United States, and on two or three occasions in upper 
midocean. The only instances of whole to storm gales 
were those associated with storms of the tropics. 

From the Ist to the 7th of June at least two typhoons 
occurred in the waters of the Far East. One, which 
originated in May in low latitudes, skirted the southeast 
coast of Japan late on June 1 and disappeared at sea far 
east of the Kuril Islands on the 3d. This typhoon 
attained to at least storm force on the 1st, the American 
tanker Mojave encountering southwesterly gales of force 
11, during the afternoon, near 31° N., 141° E., lowest 
pressure 29.45. The Japanese steamer Havana Maru on 
the same day, in 33° 30’ N., 142° E., reported a whole 
gale from north-northeast, barometer 29.41 inches. 

The second typhoon remained in the upper part of the 
China Sea from the Ist to the 4th, when it turned ocean- 
ward between China and Luzon and, crossing Taiwan, 
continued northeastward. On the 5th and 6th it pro- 
ceeded over the lower islands of Japan and entered upon 
the ocean. The bureau has no record of severe gales 
attending its progress. However, while in the China 
Sea on the 2d to 4th, the Dutch steamer Kertosono was 
under the southward influence of the typhoon, though 
it was not until the 4th that she ran into moderate 
southwesterly gales at the rear of the retreating storm, 
barometer 29.73, in 12° 57’ N., 116° 27’ E. The fol- 
lowing is an extract from a radiogram sent to the de- 
partment of terrestrial magnetism, Carnegie Institution, 
on June 2 by Capt. J. P. Ault of the American nonmag- 
netic yacht Carnegie, with reference to this disturbance: 

Dodged typhoon night of June 1-2. Barometer was dropping 
rapidly and wind and sea increasing. The storm center position 
for the previous two days received by radio from the Manila 
observatory was immediately plotted and path predicted as about 
to intercept our track. We at once headed out toward east by 
south and as we drew away from the center of the storm the 
barometer rose slowly and wind moderated. We ran for two hours 
and then hove to and waited for wind to moderate for another 
two hours. We then set sail on course for Yokohama, riding the 
tail of the typhoon. The wind continued to shift slowly to the 
right as the storm receded from us toward the northeast. This 
was our first experience in handling a storm by radio, and every- 
thing went like clockwork and exactly as we predicted from 
knowledge by radio of storm’s position and probable path. 


This typhoon was encountered by the American 
steamer Wisconsin on the 5th, highest wind force 9 
from south-southwest, pressure 29.51, near 30° N., 135° 
E., and by the A poe steamer Ayaha Maru on the 
6th and 7th, wind east-northeast 8, barometer 29.10, 
near 40° N., 148° E. 


According to the Tokyo weather maps another typhoon 
appeared northeast of Luzon on the 28th, and was 
central on the 30th near 26° N., 129’ E., apparently 
moving northward. 


The tropical hurricane reported last month as existing 
southwest of the Gulf of Tehuantepec at the end of May, 
continued into the first day of June, when it appeared 
central off the coast of Mexico close to Acapulco. The 
southbound American steamer Corinto reported strong 
to whole west to west-southwest gales for a few hours 
ney bait lowest barometer 29.52, in 16° 22’ N., 
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On the 16th and 17th another tropical cyclone ap- 
peared at sea southwest of Acapulco, but at a greater 
distance from it than its predecessor. At this writing 
the storm has been reported by only one vessel, the 
American steamer Victorious, which ran into the gale 
zone of the storm with an east wind of force 7 at 4 


a. m. of the 16th, in 14° N., 103° 30’ W., and left t 


more than 24 hours later, with wind south-southeast, 
7, in 13° 50’ N., 101° 23’ W. The highest wind experi- 
enced was force 10, from east by south, lowest barometer 
29.66, at about 4 p. m. of the 16th. The cyclone can 
not be traced farther at this writing. 

At Honolulu the prevailing wind was from the east, 
the trades blowing on all days of the month except the 
18th, when there was a change to southerly. The maxi- 
mum velocity was at the rate of 24 miles an hour from 
the east, on the 14th. 

Fog showed a generally higher percentage of occurrence 
than in May over most of the northern half of the ocean, 
with the greatest frequency along the upper steamer 
routes between Japan and the one hundred and eightieth 
meridian, where the percentage averaged 40 or slightly 
more. East of the meridian the percentage lessened to 
about 20 south of the Gulf of Alaska, then increased to 
about 30 per cent along the central coast of California. 
once more decreasing to 25 per cent off Lower California. 
Two to four days with fog were reported along the lower 
routes between Japan and midocean, and the thirtieth 
and fortieth parallels, and 10 days with fog in the eastern 
part of the Bering Sea. 


NOTES BY OBSERVERS 


Fall of steamship Grays Harbor, 
Capt. F. P. Willarts, observer B. Fullington, second 
officer, Puget Sound to Yokohama: 

On June 16, 9: 58 p. m., L. M. T., in latitude 42° 15’ N., longi- 
tude 149° 28’ E., vessel ran into a heavy fall of pumice, or vol- 
canic ash. The sky was overcast, wind southwest, whole gale, 
lasted about two hours. 

June 17, 9: 56 p. m., latitude 41° 43’ N., longitude 148° 50’ 
E., pumice began falling again much heavier, so thick that it was 
necessary to sound the fog signal. Pumice covered the vessel 
with a coating about 1-inch thick. Cleared up again in 41° 24’ N., 
148° 24’ E., having fallen for about five hours. A radio report 
from Japan stated that Mount Homagatake erupted early on 18th, 
the discharge of smoke and ashes being violent. This mountain 
was about 360 miles from ship. 


The American steamship City of Victoria, Capt. 
Gilbert Smith, was in the fall of pumice in the same 
vicinity on the 17th and 18th to the eastward of Tsugaru 
Straits. On the afternoon of the 17th it was: reported 
that the pall of smoke and ash ‘‘put the ship in total 
darkness for two hours.” 

Phosphorescence—Dutch steamship Kertosono, Capt. 
W. P. van Meerkerk, observer W. N. de Wijn, Manila 
to Los Angeles: 

June 27. (G. M. N. latitude 36° 28’ N., longitude 125° 20’ W.) 
Passed from 8: 15 to 10 p. m. through a field of strong phosphor- 
escence, light green colored and white on crest of sea. The whole 
scene was lighted as if it were daytime. 

Trade winds.—British tanker British Star, Capt. T. S. 
Hari observer P. R. Harris, Chanaral, Chile, to San 

edro: 


2ist June, noon. Southeast trades encountered in latitude 
20° S., longitude 75%° W. These trades were exceptionally strong 
at one period reaching force 7, with heavy southeasterly sea and 
swell. On leaving Chanaral 19th, June, 8 p. m., a northeast gale 
was encountered with heavy continued rain. Wind veering 
abruptly from northwest to northeast, then back through west 
to southeast trades. 

28th, June. Lost southeast trades in latitude 3%° N., 95%° W. 


. Ist, July. Encountered northeast trades in latitude 10%° N., 

longitude 100° W. 

ose Lost northeast trades in latitude 19%° N., longitude 
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June, 1929 MONTHLY WEATHER REVIEW 
CLIMATOLOGICAL TABLES’ 
CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by Ba 
the several headings. ~ 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 


The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of oF 
stations. 

Condensed climatological summary of temperature and precipitation by sections, June, 1929 A: 
Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
7 
2 Station Station Station : Station - 
a 5 A < < 
oF. In. | In. In. In. 
77.1 4 | 5.23 | +0.97 | Spring 17.09 1.63 
77.1 1 | 0.08 | —0.29 | San Rafael... 1, 50 0. 00 
76,2 4 | 3.68 | —0.34| Bentonville____ 8.05 0.02 
66. 5 1 | 1.37 | +1.06 | Lake Spaulding_.__.| 5.82 0, 00 ie 
61.8 | +0.2 105 | 215 | Dillon 17| 16|0.59| —0.98 | 2. 98 0.00 
79.0} —0.8 100| 21| Penney Farms...__- 56} 12| 7.88 | +1.26 | 13. 69 1,47 
7.4) —1.6|....- 103 | 220 | Clayton............. 44| 5 | 5.27| +0.86| 11.31 0. 30 
59.4 | —1.4| 102| 28 Big 18| 19 | 1.63 | +0.34 Bungalow ranger sts- 5.89 2. 25 
on. 

69.3 | —2.6 | Mount Carmel......| 98 30 | 9 | 4.82 | +0,95 10.08 | M tah 2. 30 
68.8 | —2.8| Hobart...........-- 98| 20| 3/438) 40.55 8.45 | Leavenworth....___ 2. 10 
Iowa 67.6 | —1.7 | Guthrie Center... 99| 9 stations 38| 23/308) —1.42 8.47 0. 82 
72,1 | —1,1 | 4stations...........; 104| 29 2 | 3.99 | +0.15 10, 08 0. 49 
71.7 | —2.1 | Bowling Green..___. 30 4) 4.11) —0.14 6. 91 1. 56 
Louisiana ............. 79.7 | —0.4 Lake 101 22 5 | 3.41 | —1.40 10. 00 0. 24 
Maryland-Delaware...| 70.4 | —0.5 | 19 4| 4.83 | +0.90 8. 48 1.89 
Michigan. ........... 61.0 | —3.0| Centerville (near)...| 97| 19 2| 3.10 | +0.04 5. 28 1.57 
Minnesota............ 63.0 | —1.0| Beardsley........-.- 100| 29 —2.08 6. 25 0.30 
Mississippi 78.4 | —0.3| 102} 1 4/340] —0.91 6.37 0. 53 

71.3 | 30 4| 5.77 | +0.90 11. 42 2. 66 
58.7 | —0.9 23 4| 2.14) —0.43 5. 99 0.14 
Nebraska | 67.6 | —1.7 29 20 | 3.31 | —0.49 10,19 | 0.30 
Nevada....___. 63.5 | —1.4 25 0.73 | +0.19 2.56 | 0. 00° 
New England... 64.7 | +1.0 217 3 | 2.88 | —0.44 10.62 | Hyannis, Mass._..._| 9. 01 
New Jersey... ---| 69.5 | 19 4 | 3.11 | —0.57 | Newton ..-| 5.41 Cape May City_____ 1.41 
New Mexico. 68.8 | +0.6 22 13 | 0.46 | —0.88 | Lake Alice (near). 2.28 | 30 0.00 
66.0 | +1.1 18 7 | 3.45 | —0.23 | 7.94 0.76 
72.3| —1.4 2 4 | 6.02 | +1.27| 12. 60 2. 50 
61.4 | —1.4 115 12 | 1.44] —2.06| 7.99 0.15 
67.1 | —1.9 4|4.01| +012] Greenville... 8.91 1.55 
7.1| 0.0 21 | Boise City.......... 42} 13/3.44| —0.50| 9. 66 0.35 
59.7 | —0.7 2| 2.15 | +0.88 | 5. 52 0.20 
67.8 | —0.4 19 3 | 3.56| —0.54| Pine Grove....__... 6.77 1. 10 
74.8 | —2.7 20 4 | 5.73 | +0.88 | 11. 68 2.46 
65.0 | —1.1 29 20 | 2.09 | —1.40 | Harvey’s 5. 92° 
73.9| —0.6 229 4 | 4.62 | +0.24 | Clinton. 9. 59 1. 60 
80.9 | +0.8 22 13 | 1.49 | —1.78 | 5. 39 0. 00 
63.4 | —1.5 rge 25 3 | 0.71 | +0.06 | Lower Mill Creek... 3.19 0. 00 a 
70.5 | —1.1| Winchester... ...... 118 4| 5.43 | +0.85 | Pedlar 11, 32 1.97 c 
59.4 | —1.2 | Mottinger........... 101 24 | 2stations.__........ 26 22 | 2.29 | +0.71 | Wynoochee Oxbow _| 7. 68 0. 02 e 
68.2 | —1.2| Charleston.......--.| 100| 22 2%| 4/350] —0.73| Bayard._........... 8 92 | Dam 25, Ohio River.| 1.56 } 
62.4 | 94| 217 | Long 3 | 3.87 | —0.07 | Rhinelander. 7.93 | 1.74 
57.9 | —1.3 | 101 | 728 | 16| 1.08] —057| Yoder............... 3.68 
42.1 | 40.2) 78| 6] Barrow............. 0} 38/231 | +020) 22.98 | 2 stations. _......... 0.03 
74.4 | +1.2| Waialua Mill_...... 92| 30| Volcano Observatory, 51| 27 | 272 | —209| Puu Kukui (upper)_|14. 00 | 10 0.00 
77.6 | —0.8 | Canovanas.......... 95 21 | Caguas.............-. 60 ll | 4.83 | —1.77 | Rio Grande......... 11.13 | Emsenada........... 0. 25 ~ 
1 For description of tables and charts, see REVIEW, January, p. 36. Py 


Other dates also. 
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TABLE 1.—Climatological data for Weather Bureau stations, June, 1929—Continued 
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1 Pressure not reduced to mean of 24 hours. 


Hawaiian Islands 


Honolulu. 


Los Angeles........... 
San Diego__........... 


| | | | | 
| 
| | 
Northern Slope —0, 58 | 
11] 44) 27. 26) 29.86/+0.0 1 16) 
110) 87] 112) 25. 75} 29. +( 7) 
973 26. 86} 29.88) —.0 12 
371 4 27. 39} 29.90! +.0 + 9) 15) 12 
ite apid 259) 58} 26. 57| 29.93) +.0 + 19) 10) 11) 
Cheyenne............./6, 088) 84] 101) 24 02 29.87) +. 0 17| 12) 10) 
Lander................/5, 372 68| 24. 62) 29.87 +.0 —( 9 18 10 
10} 47) 26.05] 29.89)_____ —1 1) 12) 17 0. 
241) 11 23. 89] 29. 92) +. — 15) 4 11 0. 
North 11] 51} 27. 02} 29. 89) +.0 +I 81 — 15 0. 
| | 19 | | 4 
Denver. ........-..--.|5, 202 106] 113] 24.72]. 29. +. 9) 81 | 0671-07) 6 nw. | 15 1) 8 0.0! 0.0 
685) 25. 23} 29.801 —.0 9) 87 | 015} 2 w. | 15 13] 14) 3 0.0] 0.0 
392 58} 28.47] 29.92 +. 0 5| 81 4.12} —0.3) 11) n. 22; 10) 9) 11 0.0 0.0 
Dodge 11] 51] 27.36) 29.90) +.0 0| 85 —0.6) 8 4 s. 16; 19) 0.0) 0.0 
Wichita... 139] 158] 28. 48) 29.881 —. 83 7.13; +2.8) 10 n. 2| 14) 11] 5 0.0! 0.0 
Broken Arrow........) 765 1] 29. 12} 29. 93)_.___ 82 |} §.95) +1.8) 12 sw. 12} 12; 8 0.0) 0.0 
Oklahoma City.......|1,214 10) 47} 28. 64) 29.89) —. +: 1| 88 1.60} —2.1) 7 8. 17| 19 2 0.0 
| | 
Southern Slope | | 1.34| —1.2| | 
Abilene. 10] 52) 28. 11| 29.86) —. 02! 2) 94 0.13] —2.9) 2 29} s. 16) 18} 10} 2! 0.0! 0.0 
676, 10! 49) 26.24) 29.87) +. 02 8| 88 0.77; —2.1) 9 24) se. 5) 19) 7 4! 0.0) 0.0 
Del 944) 64! 28.87] 29.82] —. 1) 95 3.32) +0.8) 3) | 34) sw, | 18) 12) 0.0) 0.0 
566, 75) 85] 26.30) 29.82) +. 02) 7| 91 1.15} —0.5| 5] 29} s. 9 21) 8) 0.0! 0.0 
Southern Plateau | | | 
El Paso. 778 152) 175| 26.10) 29.75! 83.5 1) 46} ne. | 29) 25) 5| 0.0) 0.0 
Santa 38) 53) 23. 29. 78) —. 03) 66.2 1) 22/ ne. 28] 15) 13) 0.0) 0.9 
Flagstaff... 10 23.38} 29.80) +. 02) 60.0 0) 18} 9 3) 0.0) 0.0 
10) 107| 28.61] 29.72) —. 02) 86. 4) 0; 26] s. 29! 23) 6 1 0.0) 0.0 
9, 54) 29.60) 20.74) 00) 84.5 0 | 20} se, | 26] 27) 3) 0.0] 0.0 
| 6| 25.90 29.86] +08) 72.9 1| 18 7) 0.0 
90 
43| 24. 58) 29. 82 44) sw. 16) 19} 4} 0.0) 0.0 
360) 105; 203) 25. 57) 29. 86) 39] w. 16| 17} 6) 7| 0.0! 0.0 
68) 25. 32) 29. 82 34) sw. | 16) 22) 7 0.0! 0.0 
48} 26.42) 20.97) +. 02) 57.4) —1. 33 2 44 | | 18) 14] 3) 13) 0.0! 0.0 
78) 86) 27. 10| 29.93) +. 02| 64.0) —1. 39] 3) 51 | | sw. | 6) 14} 9) 0.0! 0.0 
40, 48) 29. 12| 29.93) 01| 66.0 —0. 0} 79, 42) 3) 53 19} w. | 25) 10) 4) 16) 0.0) 0.0 
60, 68) 25.43) 29.88) +.01| 62.6) +0. 76 49 | 29| 12) 12) 6) 0.01 0.0 
101) 110) 27. 90| 29. 93] —. 01] 61.9) —0. 73, 40| 2| 51 24] sw. | 18} 8| 8| 14 0.0! 0.0 
57| 65| 28. 87| 29.93) —.03| 66.3, —0. 77, 3) 55 w. | 18/15] 7| 8 0.0) 0.0 
| 11) 56) 29.81) 30.04) +.05) 55.0) 58 | 2.60) 66) s. 18; 12| 10 
8) 30.04)... 55.0). 62, 48 | 0.85) | 22) nw. 4| 9) 17) 
| 215! 250) 29. 86) 29.99)" Oi) 59. 2 4! 46) 2) 52) 1.75] 38] s. 18} 5} 8| 17 
| 172; 201) 29. 82) 30.02} —.01| 59.3 67| 44) 2) 52 | 1.65) 37| sw. | 18) 13 14 
86, 9) 53) 29. 90) 30. 00} —. 02) 54.0 46) 3) 51 4. 43) 47| w. 18} 0} 7| 23) 
1,076) 58) 67| 28. 78| 65. 5). 78) 41 19) 53 40| 52] 46] 0.55) 31] w. | 12} 10) 
1,425) 4) 80, 28. 46) 29.95). 63.4). 79, 36) 2) 48] 50; 48 2 54). | 3, 13] 5) 12) 
153} 68) 106) 29.84) 30.00) —. 04) 62.4 3) 71) 47| 19| 54) 32) 49| 67| 2.19 sw. | 7 19) 
| 510) 75) 99) 29. 46) 30.00) —.03| 38) 19; 50) 41) 53) 47) 68) 2.67| sw. | 15] 12] 5) 13 
| | | | 
| 62) 73) 89) 29.98) 30.05) .00 6 50} 2. 4, 418 17} 6) 10) 19) 
330/54) 58) 29. 54) 29,89) +.01| | 58} 46, 47| | 4,019] se. | 20) se. | 15] 16) 5| 
69) 106, 117| 29. 82) 20189] .00) | 59) 59) 1. | 3} 4,897] s. 20) sw. | 3] 23) 3} 
| 155) 208' 243) 29. 78) 20195! —. gaat 56| 52) 0. 6 5,132] w. | | 14] 16) 9] 
141} 12) 110) 29.80) 29195)_..._.| | 5) 3,837) nw. | 18) nw. | 21) 20) 6 
South Pacific Coast 
Region 5) 8 0. 2.7 
327 98 | +. 03) —1. 2:11 44) 1) 60 30) 44 0. | 5,382] nw. | 20] nw. 3118) 
159] 191 +: 02) 98) 19] 781 60 59] 53 0m 3,363) sw. | 16) sw. | 1) 21 3} 2.8) 
87| 62} 70 2 19} 71) 54) 2) 59) 23 57| 77| T. 4, 140| w. 2| 21) 15 
West Indies | 
San Juan, P. R--..... 5.56] —0.3} 19] 8,739] e. e. 1 
Panama Canal 
Balboa Heights.......| 118) 7 88} 9.34) 41.2) 231 3,431) s. | 19] nw 0.0 0.0 
7 75) 84) 18.96) +5.1 4,153] se. | 23) s. 82} 0.0) 0.0 
ee Alaska | 
4.15|......| 18] 4,048) se. | ne. 5| 7| 181 7.1| 0.0) 0.0 
1 0.27) —0.6 5, 964) e. e. 14} 13 0.0) 0.0 
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